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SA40O0 
minifloppy” 
Diskette Storage Drive 





JENN} INSIO 





PREFACE 


This manual describes the electrical and mechani- 
cal characteristics of the SA400 minifloppy ™drive 
required by customers who purchase it as an 

OEM device. It contains the timing, electrical and 
mechanical specifications; recommended formats 
and circuitry necessary to interface it to a host 
controller/formatter. 


For maintenance information, reference the 
SA400 Service Manual, P/N 54096-0. 


™ Minifloppy, minidiskette and ministreaker are 
Shugart Associates trademarks. 
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FIGURE 1. SA400 MINIFLOPPY DRIVE 


10 INTRODUCTION 


The SA400 minifloppy “drive offers the system 
designer the random access storage capability of 
floppy disk drives in a package the size of most 
cassette tape units. It also provides superior data 
integrity and faster throughput of data when com- 
pared with cassette drives. 


The SA400 is based on the proven floppy disk 
drive technology of the Shugart SA800 drive. It 
features a unique new direct drive stepping motor 
actuator, utilizing a spiral cam with a v-groove 
positive detent which assures precise location of 
the read/write head on a track. The drive employs 
the same proprietary glass bonded ferrite/ceramic 
read/write head as the SA800 uses. AC power 
requirements have been eliminated through the 
use of a DC servo-controlled spindle drive motor. 
The drive is also equipped with an interface which 
allows upward expansion of the units within the 
system and future system enhancements with the 
large floppy drive. 


Applications for the minifloppy drive include 
word processing and text editing systems; mini 
and micro computer program storage; power 
typing systems; “intelligent” desktop calculators 
and the microcomputer hobby market. 


The SA104/105/107 minidiskette'™ media used 
with the SA400 is similar to the standard flexible 
disk, only smaller. It is available for soft (SA104) 
or hard (SA105/107) sectored formats. The mini- 
diskette diameter is 5.125 inches (130.2 mm) and 
the jacket is a square 5.25 inches (133.4 mm). 


1.1 Specification Summary 


1.1.1 Performance Specifications 


Capacity 
Unformatted 
per disk 109.4K bytes 
per track 3125 bytes 


Formatted (Reference Section 7.0) 
Soft Sectoring Hard Sectoring 


Mechanical Dimensions: 


Width 5.75 in. (14.60 cm.) 
Height 3.25 in. (8.25 cm.) 
Depth 8.00 in. (20.32 cm.) 
Weight 3 lbs. (1.36 kg.) 


Power Dissipation = 
15 watts (51 BTU/Hr) Operating (typical 
7.5 watts (26 BTU/Hr) Standby = (typical 


per disk 80.6K bytes 72.03K bytes 1.1.4 Reliability Specifications 
per taek SOUT DYTES dx LUTE DYLES *MTBF (Mean 8,000 Power on Hours 
per sector 128 bytes 128 bytes Tinie Heiween (Typical Usage) 
sectors pertrack 18 16 Failures) 
pumila . aii PM (Preventive Not Required 
Latency (average) 100 ms 
Maintenance) 
nes SANE MTTR (Mean Time —_ 30 Minutes 
track to track 40 ms to Repair) 
average 463 ms 
setting tine pOUnS pesto 1 per 108 bits read 
irae re Time - i Hard Errors 1 per 101! bits read 
- | Seek Errors 1 per 10° seeks 
1.1.2 Functional Specifications Component Design 
Life 5 years 
Rotational Speed 300 RPM Media Life- 3.0 x 10®© passes per t1 
Recording Density 2581 BPI | 
(inside track) 
Flux Density 5162 FCI *MTBE assumes duty cycle of spindle drive m 
Track Density 48 TP] to be 25% of POH. 
Tracks 35 
Inside Track Radius 1.542 in. (3.916 cm) 
Outside Track Radius 2.250 in. (S.715 cm) 
Index 
Encoding Method FM 
Media Requirements SA 105 or SA107 minidiskette 
(Hard Sectored) 
SA104 minidiskette 
(Soft Sectored) 


1.1.3 Physical Specifications 


Environmental Limits: 

Ambient Temperature = 

Operating Shipping Storage 
40°F to 115°F -40°F to 144°F -8°F to 117°F 
(4°C to 46°C) (-40°C to 62°C) (-22°C to 47°C) 

Relative Humidity = 


20% to 80% 1% to 95% 1% to 95% 
Max. Wet. Bulb = 
78°F (25°C) No Condensation 
DC Voltage Requirements: 
+12 VDC + 5% 0.9 amp 1.8 amp 
(ty pical) (maximum) 
+5 VDC + 5% 0.5 amp 0.7 amp 


(typical) § (maximum) 


2.0 FUNCTIONAL CHARACTERISTICS 
2.1 General Operation 


The SA400 minidiskette Storage Drive consists of 
read/write, control and drive motor electronics, 
drive mechanism, read/write head, track position- 
ing mechanism, and removable minidiskette. These 
components perform the following functions: 


1. Interpret and generate contro! signals. 

2. Move the read/write head to the desired track. 
3. Read and write data. 

4. Control drive motor speed. 


The interface signals and their relationship to the 
internal functions are shown in figure 2. 


The head positioning actuator positions the read/ 
write head to the desired track on the minidisk- 
ette. The head load actuator loads the mini- 
diskette against the read/write head and data 
may then be recorded or read. 
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FIGURE 2. SA400 FUNCTIONAL DIAGRAM 


2.2 Read/Write and Control Electronics perfect compliance with the R/W head. The mini- 
diskette is loaded against the head with a load pad 


The electronics are packaged on two PCB’s. The ictuated by: the head load. solenoid. 


PCB’s contain: 
The R/W head is in direct contact with the mini- 


1. Index/Sector detector. diskette. The head surface has been designed to 


2. R/W head position actuator drivers. obtain maximum signal transfer to and from the 
: magnetic surface of the minidiskette with mini- 
3. R/W head load actuator driver. mum head/minidiskette wear. _ 
4. Write current drivers. 2.6 Recording Format 
5. Read amplifier and transition detectors. The format of the data recorded on the disk is 


totally a function of the host system, and can be 
designed around the users application to take 

7. Drive select circuits. maximum advantage of the total available bits 
that can be written on any one track. 


6. Write protect detector. 


8. Drive motor control circuits. 
For a detailed discussion of various recording 


2.3. Drive Mechanism | formats, reference section 7.0. 


The minifloppy drive motor operates on 12 VDC 
and rotates the spindle at 300 rpm through a belt- 
drive system. The speed of the motor is controlled 
by a feed back from a tachometer internal to the 
motor. A registration hub, centered on the face 
of the spindle, positions the minidiskette. A hub 
clamp that moves in conjunction with the door 
closure mechanism centers and clamps the mini- 
diskette onto the spindle hub. 


2.4 R/W Head Positioning Mechanism 


An electrical stepping motor and a face cam 
positions the read/write head. The stepping motor 
rotates the cam clockwise or counterclockwise 
with two step increments per track. The using 
system increments the stepper motor to the 
desired track by selecting the proper direction 
and issuing one step pulse per track. The drive 
control electronics issues the second step pulse 
needed per track. 


2.5 Read/Write Head 


The SA400 R/W head is a single element glass 
bonded ferrite/ceramic head with straddle erase 
elements to provide erased areas between data 
tracks. Thus normal interchange tolerances 
between media and drives will not degrade the 
signal to noise ratio and insures minidiskette 
interchangeability. 


The R/W head is mounted on a carriage assembly 
which moves on rails and is positioned by the 
cam. The minidiskette is held in a plane perpen- 
dicular to the R/W head by a platen located on 
the base casting. This precise registration assures 


3.0 FUNCTIONAL OPERATIONS 


This section of the manual defines the functional 
as Well as the timing relationships of the opera- 
tions for the SA400. 


3.1 Power Sequencing 


Applying DC power to the SA400 can be done 

in any sequence; however, during power up, the 
Write Gate line must be held inactive or at a high 
level. This will prevent possible “‘glitching” of the 
media. After application of DC power, a 100 ms 
delay should be introduced before any operation 
is performed. Also, after powering on, initial 
position of the R/W head with respect to the data 
tracks on the media is indeterminant. In order to 
assure proper positioning of the R/W head after 
powering on, a Step Out operation should be 
performed until the Track 00 line becomes active 
(Recalibrate). 


3.2 Drive Selection 


Drive Selection occurs when the Drive Select line 
is activated. Under normai operation, the Drive 
Select line will load the R/W head against the mini- 
diskette enabling contact of the R/W with the 
media and will also light a LED on the front plate. 


3.3. Motor On 


In order for the host system to read or write data 
the DC drive motor must be turned on. This is 
accomplished by activating the line -Motor On. 
A one (1) second delay must be introduced 

after activating this line to allow the motor to 
come up to speed before reading or writing can 
be accomplished. 


The motor must be turned off by the host system 
by deactivating the Motor On line. This should be 
done if the drive has not received a new command 
within two (2) seconds (10 revolutions of diskette) 
after completing the execution of a command. 
This will insure maximum motor and media life. 


3.4 Track Accessing 


Seeking the R/W head from one track to another 
is accomplished by: 


1. Activating the Drive Select line. 


2. Selecting the desired direction utilizing the 
Direction Select line. 


3. Write Gate being inactive. 


4. Pulsing the Step line. 
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FIGURE 4. READ INITIATE TIMING 


Multiple track accessing is accomplished by 
repeatedly pulsing the Step line until the desired 
track has been reached. Each pulse on the Step 
line will cause the R/W head to move one track 
either in or out depending on the Direction Select 
line. Head movement and direction latching is 
initiated on the trailing edge of the Step pulse. 


During a Recalibrate (Step to Track 00), the worst 
case number of step pulses required is 58. The 
worst case occurs when the carriage is positioned 
IN beyond track 34 and the carriage comes out of 
the spiral cam groove. In this case, it can take up 
to 24 steps for the carriage to pick up the groove 
in the cam and then another 34 steps to reach 
track O00. 


3.4.1 Step Out 


With the Direction Select line at a plus togic level 
(2.5V to 5.25V)a pulse on the Step line will cause 
the R/W head to move one track away from the 
center of the disk. The pulse(s) applied to the Step 
line and the Direction Select line must have the 
timing characteristics shown in Figure 3. 


3.4.2 Step In 


With the Direction Select line at a minus logic 
level (OV to 4V), a pulse on the Step line will 
cause the R/W head to move one track closer to 
the center of the disk. The pulse(s) applied to the 
Step line must have the timing characteristics 
shown in figure 3. 


3.5 Read Operation 


Reading data from the SA400 minifloppy drive is 
accomplished by: 


a. Activating Drive Select line. 
b. Write Gate being inactive. 


The timing relationships required to initiate a read 
sequence are shown in figure 4. These timing 
specifications are required in order to guarantee 
that the R/W head position has stabilized prior to 
reading. 


The timing of Read Data is shown in figure 5. 


3.6 Write Operation 
Writing data to the SA400 is accomplished by: 
a. Activating the Drive Select line. 


b. Activating the Write Gate line. 


c. Pulsing the Write Data line with the data to 
be written. 


The timing relationships required to initiate a 
write data sequence are shown in Figure 6. These 
timing specifications are required in order to 
guarantee that the R/W head position has stabi- 
lized prior to writing. 


The timing specifications for the Write Data pulses 
are shown in figure 7. 


3.7 Sequence of Events 


The timing diagram shown in figure 8 shows the 
necessary sequence of events with associated - 
timing restrictions for proper operation. 


READ DATA, 





LEADING EDGE OF BIT MAY BE + 800 ns FROM ITS NOMINAL POSITION. 
LEADING EDGE OF BIT MAY BE + 400 ns FROM ITS NOMINAL POSITION. 


w > 
Wil 


FIGURE 5. READ SIGNAL TIMING 


MOTOR ON 


DRIVE SELECT, 


STEP 





50 MS MIN 


WRITE GATE 


ro 8.00 pis MAX 25 bs min | 


FIGURE 6. WRITE INITIATE TIMING 





WRITE DATA 





250 ns MIN i 4.00 Us 
- Le 50min =e | +20ns = 


FIGURE 7. WRITE DATA TIMING 


POWER ON | 
—>| 100 MS MIN 


MOTOR ON 


ee 


DRIVE SELECT 


—_ ; 500 ns MAX 
VALID TRK. 00 _ 


AND WRT. PROT. 

OUTPUT 
1 SEC Tae | | | 

MAX 

VALID INDEX! | 


SECTOR OUTPUT - 


+500 ns MAX 


DIRECTION 
SELECT 


art t—— 1 pis MIN | 
m= 1 is MIN = Leads 


STEP 







oo ret 


40 MS 20MS 
MIN MIN 






WRITE GATE 





mg eshidivace: cantata ms Ses, FB UNNS NAN Tel cee acces oes 32 Hs - 
ete ae cae eel Ee EE RAR Gee Boe Sede Set ~ MIN 
WRITE DATA one UE EI LET RN oe wu "naw _ 
—p — 50 MS MIN —+| —= 100 js MIN 
VALID ; a f 


READ DATA 


"75 MS MAX 
nem J SEL MAX -—-——_-~ 


FIGURE 8. GENERAL CONTROL AND DATA TIMING REQUIREMENTS 


THIS PAGE INTENTIONALLY LEFT BLANK | 


1] 


40 ELECTRICAL INTERFACE 


The interface of the SA400 minidiskette drive can 
be divided into two categories: 


1. Signal - 
2. Power 


The following sections provide the electrical 
definition for each line. 


Reference figure 9 for all interface connections. 
4.1 Signal Interface 

The signal interface consists of two categories: 
1. Control 

2. Data transfer 


All lines in the signal interface are digital in nature 
and eitner provide signals to the drive (input), or 
provide signals to the host (output), via interface 
connector P1/J1. 


4.1.1 Input Lines 


The input signals are of 3 types, those intended 

to be multiplexed in a multiple drive system, those 
which will perform the multiplexing and Motor 
Control. 


The input signals to be multiplexed are: 
1. Direction Select 

2. Step 

3. Write Data 

4. Write Gate 


The input signals which are intended to do the 
multiplexing are: 


1. Drive Select 1 
2. Drive Select 2 
3. Drive Select 3 


The input lines have the following electrical speci- 
fications. Reference Figure 10 for the recom- 
mended circuit. 


True = Logical zero = Vin +0.0V to +0.4V 
@ Iin = 40 ma (max) 


False = Logical one = Vin +2.5V to +5.25V 
@ lin = 0 ma (open) 


Input Impedance = 150 ohms 
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FIGURE 9. INTERFACE CONNECTIONS 


4.1.1.1 Input Line Terminations 


The SA400 has been provided with the capability 
of terminating the five input lines listed below. 


. Motor On 

. Direction Select 
. Step 

. Write Data 

. Write Gate 


Mm PWN 


These lines are terminated through a 150 ohm 
resistor pack installed in a dip socket located at IC 
location IE. 


In a single drive system this resistor pack should be 
kept in place to provide the proper terminations. 


In a multiple drive system (Program Shunt position 
“MX” open) only the last drive on the interface is 
to be terminated. All other drives on the interface 
must have the resistor pack removed. External 
terminations may also be used, then the user must 
provide the terminations beyond the last drive and 
each of the five lines must be terminated to 
+5VDC through a 150 ohm % watt resistor. 


4.1.1.2 Drive Select 1-3 


The SA400 as shipped from the factory is con- 
figured to operate in a single drive system. It can 
be easily modified by the user to operate with 


other drives in a multiplexed multiple drive system. 


The user can activate the multiplex option by cut- 
ting the “MX” position of the programmable shunt 
located in IC location 1F. This will allow the 
multiplexing of the I/O lines. 


In a single drive system (program shunt position 
“MX” shorted), with program shunt position “HS” 
shorted, Drive Select when activated to a logical 
zero level, will load the R/W head against the 
diskette enabling contact of the R/W head against 
the media. Since “MX” is shorted, the I/O lines are 
always enabled. 


In a multiple drive system (program shunt position 
“MX” open) the three input lines (Drive Select 1, 
Drive Select 2 and Drive Select 3) are provided so 
that the using system may select which drive on 
the interface is to be used. In this mode of opera- 
tion only the drive with its Drive Select line active 
will respond to the input lines and gate the output 
lines. In addition, the selected drive will load its 
R/W head if program shunt position “HS”’ is 
shorted. 
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The program shunt, IC location 1 F, positions 
*DS1. -DS2” and DS3", are to be used: to select 
which Drive Select line will active the I/O lines for 
a unique drive. As an example, if the user wants 
the first drive on the interface to be address 1, he 
must cut program shunt positions “DS2” and 
“DS3’, and leave “DS1”’ intact. 


The program shunt is AMP part number 435704-6. 
The shunt positions can be cut using AMP’s tool 
part number 435705. The shunt is installed in a 
dip socket and at the user’s option be removed and 
be replaced by a dip switch (AMP P/N 435626-4). 
The user may also choose to have the program 
shunts pre-programed and/or color coded by AMP. 
For this service contact your local AMP 
representative. 


4.1.1.3 Motor On 


This input when activated to a logical zero level 
will turn on the drive motor allowing reading or 
writing on the drive. A one (1) second delay after 
activating this line must be allowed before reading 


or writing. This line should be deactivated, for 
maximum motor life, if no commands have been 
issued to the drives within two seconds (10 revo- 
lutions of the media) after completion of a pre- 
vious command. 


As discussed in section 4.1.1.2, when program 
shunt position “‘HS” is shorted the R/W head wiil 
load when the Drive Select line is activated. A user 
selectable option ts available where by the R/W 
head will load when the Motor On line is activated. 
This is accomplished by moving the program shunt 
over One position in its socket so position “HM” is 
shorted and position “HS” is open. With position 
‘“HM”’ shorted, the R/W head will load when the 
Motor On line is activated to a logical zero level. 


4.1.1.4 Direction Select 


This interface line is a control signal which defines 
direction of motion the R/W head will take when 
the Step line is pulsed. An open circuit or logical 
one defines the direction as “out” and if a pulse 

is applied to the Step line the R/W head will move 
away from the center of the disk. Conversely, if 
this input is shorted to ground or a logical zero 
level, the direction of motion ts defined as “in” 
and if a pulse is applied to the step line, the R/W 
head will move towards the center of the disk. 


4.1.1.5 Step 


This interface line is a control signal which causes 
the R/W head to move with the direction of 
motion as defined by the Direction Select line. 


The access motion is initiated on each logical zero 
to logical one transition, or the trailing edge of the 
signal pulse. Any change in the Direction Select 
line must be made at least lus before the trailing 
edge of the Step pulse. Direction Select logic level 
must be maintained | us after trailing edge of Step 
pulse. Refer to figure 3 for these timings. 


4.1.1.6 Write Gate 


The active state of this signal, or logical zero, 
enables Write Data to be written on the diskette. 
The inactive state, or logical one, enables the read 
data logic and stepper logic. Refer to figure 6 

for timings. 


4.1.1.7 Write Data (FM) 


This interface line provides the data to be written 
on the diskette. Each transition from a logical one 
level to a logical zero level, will cause the current 
through the R/W head to be reversed thereby writ- 
ing a data bit. This line is enabled by Write Gate 
being active. Refer to figure 7 for timings. 
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FIGURE 11. 


4.1.2 Output Lines 


The output control lines have the following 
electrical specifications. Refer to figure 10 for the 
recommended circuit. 


True = Logical Zero = Vout + 0.0V to + 0.4V 
@ Jout = 48 ma (max) 


False = Logical On = Vout + 2.5V to 5.25V (open 
collector @ Iout = 250 pa max) 
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4.1.2.1 Track 00 


The active or logical zero state of this interface 
signal indicates when the drive’s R/W head is 
positioned at track zero (the outermost track) and 
the access circuitry is driving current through 
phase “A” of the stepper motor. This signal is at 

a logical one level, or inactive state, when the 
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FIGURE 12.1 INDEX/SECTOR TIMING (SA107 MEDIA) 
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drive’s R/W head is not at track zero. When the 
drive’s R/W head is at track zero and an additional 
step out pulse is issued to the drive, a mechanical 
stop will keep the R/W head at track zero but the 
Track 00 signal will go inactive. This is because 
the stepper motor will go to phase “C”’ and not 
phase “A”’. One more step out pulse will put the 
stepper motor back into phase “A” and the Track 
OO signal will go active again. 


4.1.2.2 \Index/Sector 


This interface signal is provided by the drive each 
time an index or sector hole is sensed at the Index/ 
Sector photo detector. Normally, this signal is at 

a logical one level and makes the transition to the 
logical zero level each time a hole is sensed. 


When using SA104 media (Soft Sectored), there 
will be one pulse on this interface signal per 
revolution of the diskette (200 ms). This pulse 
indicates the physical beginning of a track. 
Reference figure 11 for the timing. 


When using SA105 or SA107 media (Hard Sec- 
tored), there will be 17 or 11 pulses on this inter- © 
face line per revolution (200 ms). To indicate 

the beginning of a track, once per revolution 

there is one index transition between 16 or 10 
equally spaced sector transitions. The timing for 
this signal is in figure 12. For recommended In- 
dex/Sector separator circuit, reference section 8.4. 


When using the Index/Sector signal, look for an 
edge or transition rather than a level for determin- 
ing its status. With no diskette inserted, this signal 
remains active or at a logical zero level which is an 
erroneous status. 


/ 4 | +12 VDC | 
| 






TOLERANCE 


: 2 | HE? Return 
3 5 Return 
4 + 0.25 VDC 












J0A MAX 
OA TYP 


4.1.2.3 Read Data 


This interface line provides the “raw data” (clock 
and data together) as detected by the drive elec- 
tronics. Normally, this signal is a logical one level 
and becomes a logical zero level for the active 
state. Reference figure 5 for the timing and bit 
shift tolerance within normal media variations. 


4.1.2.4 Write Protect 


This interface signal is provided by the drive to 
give the user an indication when a Write Protected 
Diskette is installed. The signal is logical zero level 
when it is protected. Under normal operation, the 
drive will inhibit writing with a protected diskette 
installed in addition to notifying the interface. 


4.2 Power Interface 


The SA400 requires only DC power for operation. 
DC power to the drive is provided via P2/J2 
located on the non-component side of the PCB 
near the spindle drive motor. The two DC voltages, 
their specifications and their P2/J2 pin designators 
are Outlined below. The specifications outlined on 
current requirements are for one drive. For 
multiple drive systems the current requirements 
are a multiple of the maximum current times the 
number of drives in the system. 


4.2.1 Frame Ground 


It is important that the drive be frame grounded to 
the host systems AC or frame ground. Failure to 
do so may result in drive noise susceptibility. Ref- 
erence section 5.3 for the procedure. 






CURRENT MAX RIPPLE (p to p) | 





*1.80A MAX 
0A TYP 


100 mV max allowable 


50 mV max allowable 


*The 12 VDC current is composed of three components; head load current, diskette drive 
motor current, PCB functions and stepper motor. Each of these components has the following 
contribution to the 12 VDC current requirements. 

1. PCB functions and stepper motor (Drive “Standby” current): 0.4A TYP; 0.5A MAX 
2. Head Load (Drive Selected): 0.15A TYP; 0.2A MAX 
3. Drive Motor: Start (for 1 sec. max.)—1.0A TYP; 1.1A MAX 

Running—0.35A TYP; 1.1A MAX (Motor Stalled) 
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5.0 PHYSICAL INTERFACE 


The electrical interface between the SA400 and 
the host system is via two connectors. The first 
connector, J1, provides the signal interface and 
the second connector, J2, provides the DC power. 


This section describes the physical connectors 
used on the drive and the recommended con- 
nectors to be used with them. Refer to figure 15 
for connector locations. 


5.1 J1/P1 Connector 


Connection to JI is through a 34 pin PCB edge © 
card connector. The dimensions for this connector 
are shown in figure 13. The pins are numbered | 
through 34 with the even numbered pins on the 
component side of the PCB and the odd numbered 
pins on the non-component side. Pin 2 is located 
on the end of the PCB connector closest to the 
corner and is labeled 2. A key slot is provided 
between pins 4 and 6 for optional connector 


keying. 
The recommended connectors for P! are tabulated 
below. 
TYPE OF CABLE | MANUFACTURER | CONNECTOR P/N | CONTACT P/N | 
Twisted Pair, #26 | AMP 58371 7-5 1-583616-1 | 


| Flat Cable 3M “Scotchflex”’ 3463-0001 NA 





™N 


KEY SLOT —_ inl 036+ 004” 


.400 + .010" 


_ .050 “ NOM. - .063 NOM (2x) 


13795. %.005 ———— $$ 





BOARD THICKNESS .062 + .007 "' 


FIGURE 13. J1 CONNECTOR DIMENSIONS 


Ly 


5.2 J2/P2 Connector 


The DC power connector, J2, is mounted on the 
non-component side of the PCB and is located 
near the spindle drive motor. J2 isa 4 pin AMP 


Mate-N-Lok connector P/N 350211-1. The recom- 


mended mating connector (P2) is AMP P/N 
1-480424-0 utilizing AMP pins P/N 61473-1. J2, 
pin 1, is labeled on the component side of the 
PCB. Wire used should be #18 AWG. Figure 14 
illustrates J2 connector as seen on the drive PCB 
from non-component side. 


5.3 Frame Grounding 


The SA400 must be frame grounded to the host 
system to insure proper operation. If the frame of 





QO] 


| O ® 





FIGURE 14. J2 CONNECTOR 


the drive is not fastened directly to the frame of 
the host system with a good AC ground, a wire 
from the system AC frame ground must be con- 
nected to the SA400. For this purpose, a faston 
tab is provided on the drive near the motor con- 
trol PCB where a faston connector can be attached 
or soldered. The tab is AMP P/N 61664-1 and its 
mating connector is AMP P/N 60972-1. 


‘Drive PCB 











GEOTTET. 


UM LAR AAA LO 


Pi Corinector 
Scotchflex P/N 
3463-0001 or 

Amp P/N 583717-5 


JN, 


“Amp P/N 350211-1 


Se, P2 Connector 


Amp P/N 1-480424-0 


Frame Ground 
Amp P/N 61664-1 


Frame Connector 
Amp P/N 60972-1 


FIGURE 15. INTERFACE CONNECTORS—PHYSICAL LOCATIONS 
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6.0 DRIVE PHYSICAL SPECIFICATIONS 


This section contains the mechanical dimensions 
and mounting recommendations for the SA400. 


6.1 Mechanical Dimensions 
Reterence figure 16 for dimensions of the SA400. 
6.2 Mounting 


As shipped trom the factory, the SA400 is capable 
of being mounted in one of the following positions. 


1. Top loading -- mounted upright. 


2. Front loading -- mounted vertical with door 
opeiing left or right. 


— mounted horizontal with PCB 
up. Do not horizontal mount 
with PCB down. 
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7.0 RECORDING FORMAT 


The format of the data recorded on the diskette 
is totallv a furction of the host system. Data is 
recorded on the diskette using frequency modula- 
tion as the recording mode, i.e., each data bit 
recorded on the diskette has an associated clock 
bit recorded with it. Data written on and read 
back from the diskette takes the form as shown 
in figure 17. The binary data pattern shown 
represents a 101. 


CLOCK BITS 


PA 4S 


FIGURE 17. DATA PATTERN 


7.1 Bit Cell 


As shown in figure 18, the clock bits and data bits 
(if present) are interleaved. By definition, a Bit 
Ceil is the period between the leading edge of one 


clock bit and the leading edge of the next clock 


bit. 
CLOCK BITS 


DATA BIT 
{IF PRESENT) 


apes ea Gs 


BuSEC 


FIGURE 18. BIT CELL 


7.2 Byte 


A Byte, when referring to serial data (being 
written onto or read from the disc drive), is 
defined as eight (8) consecutive bit cells. The most 
significant bit cell is defined as bit cell 0 and the 
least significant bit cell is defined as bit cell 7. 
When reference is made to a specific data bit (i.e., 
data bit 3), it is with respect to the corresponding 
bit cell (bit cell 3). 


During a write operation, bit cell 0 of each byte 
is transferred to the disc drive first with bit cell 7 
being transferred last. Correspondingly, the most 
significant byte of data is transferred to the disc 
first and the least significant byte is traisferred 
last. 


When data is being read back from the drive, bit 
cell O of each byte will be transferred first with 
bit cell 7 last. As with reading, the most signifi- 
cant byte will be transferred first from the drive 
to the user. 


Figure 19 illustrates the relationship of the bits Figure 21 shows the recommended soft sectored 


within a byte and figure 20 illustrates the relation- format. The format described is identical to the 

ship of the bytes for read and write data. IBM format with the interrecord gaps G1, G2, G3 
and G4 shortened. The SA104 minidiskette is the 

7.3. Track Format media to be used in soft sectoring. 

Tracks may be formatted in numerous ways and 7.3.1.1 Gaps 


is dependent on the using system. The SA400 can 


; Each fiel ji om adj 
either use hard or soft sectored recording formats. ach field on a track is separated from adjacent 


fields by a number of bytes. These areas are 
referred to as gaps and are provided to allow the 


7.3.1 Soft Sectored Recording Format aes n 
updating of one field without affecting adjacent 


In this format, the using system may record one fields. At the end of each gap, except Gap 4, are 
long record or several smaller records. Each track four bytes of zeros which are used for synchroniz- 
is started by a physical index pulse and then each ing the data separator. As can be seen from figure 
record is preceded by a unique recorded identifier. 21, there are four different types of gaps on each 
This type of recording is called soft sectoring. track. 

Cc D- C D C Cc C D C c 0 Cc C D C 








ah GGpoecmecmmacn em Qs OP 
on | BITCELL 2 | BITCELL3 | BITCELL4 | BITCELLS | BITCELL6 | BITCELL7 | BITCELL@ 
SB 


MS 





| 


BYTE- 





BINARY REPRESENTATION OF: 
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FIGURE 19. BYTE 





BYTE|BYTE | BYTE 
0 1 2 3 4 5 6 7 | 8 9 | 10 | 11-4 12: 7 13: 4 14 | 15 | 16 | 17 


BIT CELL @ OF BYTE @1S BIT CELL 7 OF BYTE 1718 
FIRST DATA TO BE SENT LAST DATA TO BE SENT TO 
TO THE DRIVE WHEN THE DRIVE WHEN WRITING 
WRITING AND FROM THE AND FROM THE DRIVE 
DRIVE WHEN READING WHEN READING 


FIGURE 20. DATA BYTES 
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Gap 1 ‘Index Gap 


This gap is defined as the 20 bytes between Pre- 
Index Gap and the ID Address Mark for Sector 
one. This gap is always 20 bytes in length and is 
not affected by any updating process. 


Gap2 ID Gap 


The 10 bytes between the ID Field and the Data 
Field is defined as Gap 2 (ID Gap). This gap may 
vary in size slightly in length after the Data Field 
has been updated. 


Gap 3 Data Gap 


The 21 bytes between the Data Field and the next 
ID Field is defined as Gap 3 (Data Gap). As with 
the ID Gap, the Data Gap may vary slightly in 
length after the adjacent Data Field has been 
updated. 


Gap 4 Pre-Index Gap 


The 103 bytes between the last Data Field on a 
track and the Index Gap is defined as Gap 4 (Pre- 
Index Gap). Initially, this gap is nominally 116 
bytes in length; however, due to write frequency 
tolerances and disc speed tolerances this gap may 
vary slightly in length. Also, after the data field of 
record 18 has been updated, this gap may again 
change slightly in length. 


7.3.1.2 Address Marks (AM) 


Address Marks are unique bit patterns one byte in 
length which are used in this recommended record- 
ing format to identify the beginning of ID and Data 
Fields and to synchronize the deserializing 
circuitry with the first byte of each field. Address 
Mark bytes are unique from all other data bytes 

in that certain bit cells do not contain a clock bit 
(all other data bytes have clock bits in every bit 
cell). There are three different types of Address 
Marks used. Each of these is used to identify 
different types of fields. 


iD Address Mark 


The ID Address Mark byte is located at the begin- 
ning of each ID Field on the diskette. The bit 
configuration for this Address Mark is shown in 
figure 22. 


Data Address Mark 


The Data Address Mark byte is located at the 
beginning of each normal Data Field on the 
diskette. The bit configuration for this Address 
Mark is shown in figure 23. 


Deleted Data Address Mark 


The Deleted Data Address Mark byte is located at 
the beginning of each Deleted Data Field on the 
diskette. The bit configuration for this Address 
Mark is shown in figure 24. This Address Mark 
can be used to flag special use Data Fields or other 
uses at the users option. 
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FIGURE 23. DATA ADDRESS MARK 
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FIGURE 24. DELETED DATA ADDRESS MARK 


7.3.1.3 CRC 


Each field written on the diskette is appended 
with two Cyclic Redundancy Check (CRC) bytes. 
These two CRC bytes are generated from a cyclic 
permutation of the data bits starting with bit zero 
of the address mark and ending with bit seven of 
the last byte within a field (excluding the CRC 
bytes). When a field is read back from a diskette, 
the data bits (from bit zero of the address mark to 
bit seven of the second CRC byte) are divided by 
the same generator polynomial. A non-zero 
remainder indicates an error within the data 

read back from the drive while a remainder of 
zero indicates the data has been read back 
correctly from the disk. Reference section 8.0 for 
recommended circuitry. 


7.3.1.4 Optional Soft Sectored Formats 


Figure 25 contains optimized formats for one 
sector per track to 18 sectors per track. All drive 
tolerances have been taken into account in 
developing these formats. For any other formats, 
please contact the factory. 


7.3.2 Hard Sectored Recording Format 


In this format, the using system may record up to 
16 or 10 sectors (records) per track. Each track is 
started by a physical index pulse and each sector 
is started by a physical sector pulse. This type of 
recording is called hard sectoring. Figure 26 
illustrates the hard sectored formats. The SA105 
or SA107 minidiskette is to be used for these for- 
mats. All drive tolerances have been taken into 
account in developing these formats. 
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8.0 APPLICATION NOTES 


This section contains recommended circuits for 
data separation, AM detection, CRC generation, 
Index/Sector separation and ready circuit. It also 
contains applicable timing charts where required. 


8.1 Data Separator 


The data separator is a two time constant separa- 
tor, that is, the clock and data pulses must fall 
within pre-specified time frames or windows. The 
clock and data windows are developed in the data 
separation circuit. Figure 27 shows the functional 
diagram and figure 28 shows the timing diagram of 
the circuit. : 


Two data windows are supplied. The short window, 
5.9 us, is used when the previous bit cell had a data 
pulse in it. The long window, 6.0 us, is used when 
the previous bit cell had no data pulse. 


If the data pulse initially falls in the data window, 
-Separated Data is sent back to the OR block that 
generates the data window to assure that the full 
data pulse is allowed through before the window 
falls. 


The clock window will take up the remainder of 
the bit cell time, either 2.1 ps or 2 ps. 


In discussing the data separator circuit, figure 27, 
initially assume all circuits are reset (inactive) and 
that the +READ DATA line contains what is shown 
in figure 28. | 


With both SS1 and SS2 off, +Clk Window is active. 
The first Read Data pulse will be allowed through 
AND A2 and out as -Sep. Clk. -Sep. Clk. is sent 
out onto the interface line and to L1,SS1 and 
SS2. Since FF1 is off, SS1 will be held reset. The 
-Sep. Clk. pulse will trigger SS2. The output of 
SS2 is sent to the OR block which in turn becomes 
+Data Window enabling AND A1. The next pulse 
on +Read Data will be allowed through Al becom- 
ing -Separated Data. -Separated Data sets LI 
which in turn enables FF1. FF1 is clocked on by 
SS2 timing out (6.0 us) and +Clk Window becom- 
ing active. The Q output of FF1 will hold SS2 
reset and allow SS1 to trigger with receipt of the 
next clock pulse. 


The next clock pulse, bit cell 1, is anded with +Clk 
Window and becomes the next -Sep. Clk. -Sep. 
Clk. will reset L1 and Trigger SS1 on. When SS1 
becomes active, +Data Window becomes active 
enabling AND A1. Since bit cell 1 has no data bit 
it in, L1 will remain reset which will enable FF1 to 


-~READ DATA ie 
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| DATA WINDOW 
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FIGURE 27. DATA SEPARATOR FUNCTIONAL DIAGRAM 
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FIGURE 28. DATA SEPARATOR TIMING DIAGRAM 
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be clocked off when +Data Window falls (5.9 ys). 
When FF 1 is clocked off the Q output will hold 
SS1 reset and allow S82 to be triggered. 


The next clock: pulse, bit cell 2, is anded with +Clk 
Window and becomes -Sep. Clk. -Sep. Clk. will 
further reset L1, which was off, and trigger SS2 
on. When SS2 becomes active, -Long Data 
Window, and enables AND AI allowing the data 
pulse in bit cell 2 to become -Sep Data. -Sep Data 
will set L1 which enables FF1 to be clocked on 
when +Data Window falls. When +Data Window 
falls, the Q output will hold SS2 reset and allow 
SS1 to trigger. 


This procedure continues until the using system 
terminates the Read Operation. 


When using this data separator with the soft 
sectored format described in section 7.4.1, the 
user should be aware that the data separator will 
get out of sync during the Address Mark bytes. 
This is due to the missing clock bits in bit cells 2, 
3 and 4. The circuit discussion in section 8.2, Read 
Data circuits, will describe how to recover from 
this. 


8.1.1 True FM Data Separator 


The circuit illustrated in figure 29 is a true data 
separator, that is, it will stay in sync through the 
address mark. The data separator discussed in sec- 
tion 8.1 will get out of sync in the AM byte. The 
circuit should be used as the data separartor for 
the single chip controllers. 


8.2 Read Data Circuits 


The purpose of the following is to provide an 
example of specific circuitry for interfacing the 
SA400 to enable reading data in the soft sectored 
format and using the data separator of paragraph 
8.1. Figures 30, 31 and 32 illustrate. When a read 
operation is required, the host system selects the 
desired drive and keeps the Write Gate inactive. 
After the drive is selected, read data pulses are 
issued to the host system. 


Sixteen bits of all zero’s followed by a pattern of 
missing clock and data bits (an address mark) 
identify the start of a field. A missing clock after a 
data bit sequence of 1, 1, 1 is common to all 
address marks and is used to enable the bit ring to 
sequence. The clock bit pattern is shifted into the 
clock register, the data bit pattern is shifted into 
the data register and during bit ring 7, the AM 
detected latch is set if the accumulated clock and 


ag 


data patterns correspond exactly to that of an 
address mark. If not address mark is detected, the 
CRC register and synchronization circuitry is reset 
during the bit ring 7. 


A one’s catching latch is used to detect a pulse on 
the separated data line (from the diskette drive) 
and the leading edge of the separated clock line 
(from the diskette drive) is used to shift the state 
of the latch into a ‘shift register. The trailing edge 
of the separated clock line is used to reset the 
one’s catching latch. 


The missing clock bit of an address mark causes 
the data separator in the drive to shift out of phase 
so that the data bit pattern is placed onto the 
separated clock line (see figure 30) until a missing 
data bit occurs to shift the data separator back to 
clock bits on the separated clock line. During the 
out of phase sequence, clock bits are detected by 
the one’s catching latch rather than data bits. 


The out of phase condition is detected and the 
appropriate multiplexing of the separated data is 
performed to shift the recorded clock bits into the 
clock register and the recorded data bits into the 
data register so that the address mark patterns can 
be detected. 


A 100 nsec single shot is triggered when a missed 
separated clock is detected. This pulse is used in 
place of the missed clock pulse to shift the bit 
from the one’s catching latch into the shift regis- 
ter. The phase shift of the data separator causes 
the bit following the missed bit to become the 
separated clock, therefore a one bit is shifted into 
its register, and a zero is shifted into the other 
register corresponding to the missed bit. 


In the example circuitry clock and data bits are 
shifted into two separate registers. The address 
mark detection consists simply of identification of 
the unique clock and data patterns read from the 
drive. This identification is accomplished by the 
logical “and” of the appropriate clock and data 
bits (see figure 31 of the example read circuitry). 


8.3 CRC Generating and Checking Circuitry 


Each field written on the diskette is appended 
with two Cyclic Redundancy Check (CRC) bytes. 
These two CRC bytes are generated from a cyclic 
permutation of the data bits starting with bit zero 
of the address mark and ending with bit seven of 
the jast byte within a field (excluding the CRC 
bytes). This cyclic permutation is the remainder 
from the division of the data bits in the field 
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(represented as an algebraic polynomial) by a 
generator polynomial G(X). For all fields recorded 
on the diskette, this generator polynomial is: 


G(X) = X64 x!2 4x? 41, 


When a field is read back from a minidiskette, the 
data bits (from bit zero of the address mark to bit 
seven of the second CRC byte) are divided by the 
same generator polynomial G(X) and a non-zero 
remainder indicates an error within the data read 
back from the drive while a remainder of zero 
indicates the data has been read back correctly 
from the disc or an undetectable error has been 
read back. 


The necessary division described above can be 
accomplished by the use of relatively simple logic 
circuitry. Figure 33 shows the basic circuitry to 
both generate and check data using the generator 
polynomial G(X). In order to avoid CRC bytes of 
all zeros, all of the flip-flops in the logic diagram 
are preset to ones prior to the data being shifted 
through the circuit. 


Figure 33 of the example read circuitry illustrates 
the circuitry necessary for both generating and 
checking the CRC. For both generating and check- 
ing the CRC circuitry starts processing data with 
the data bit in bit cell 2 of the address mark. 


Generation of the CRC is completed by shifting 
zeros into the input of the CRC circuitry and using 
the CRC Write Data as the data to be written on 
the disc. 


Checking of the CRC is completed by sampling 
the output of the Data Correct line during bit cell 
O of the first byte of the gap following the second 
CRC character. 


Single chip CRC generators are currently available. 
They are the Fairchild 9401 and the Motorola 
8501. 


8.4 Index/Sector and Ready Logic 


Figures 34 and 35 illustrate the recommended 
Index/Sector separator and Ready Logic. The logic 
requires 3 Index/Sector transitions after Drive 
Select before allowing Index Detect. It does not 
allow for a false Index Detection if Drive Select 
goes active between Sector 16 or 10 and Index. 


Drive Select to Ready delay is less than 60 ms and 
greater than 40 ms if the diskette is within 80% of 
speed. The Ready will go inactive at the loss of 
either Drive Select or 15 or 24 ms after the diskette 
drops below 80% of speed. 


8.5 Error Detection and Correction 
8.5.1 Write Error 


If an error occurs during a write operation, it will 
be detected on the next revolution by doing a read 
operation, commonly called a “write check.” To 
correct the error, another write and write check 
operation must be done. If the write operation is 
not successful after ten (10) attempts have been 
made, a read operation should be attempted on 
another track to determine if the media or the 
drive is failing. If the error still persists, the disk 
should be considered defective and discarded. 


8.5.2 Read Error 


Most errors that occur will be “‘soft’’ errors; that 
is, by performing an error recovery procedure the 
data will be recovered. 


Soft errors are usually caused by: 


1. Airborne contaminants that pass between 
the read/write head and the disk. These con- 
taminants will generally be removed by the 
cartridge self-cleaning wiper. 


2. Random electrical noise which usually lasts for 
a few usec. 


3. Small defects in the written data and/or track 
not detected during the write operation which 
may cause a soft error during a read. 


The following procedures are recommended to 
recover from the above mentioned soft errors: 


1. Reread the track ten (10) times or until such 
time as the data is recovered. 


2. If data is not recovered after using step 1, access 
the head to the adjacent track in the same 
direction previously moved, then return to the 
desired track. 


3. Repeat step |. 


iN 


. If data is not recovered, the error is not 
recoverable. 


8.5.3 Seek Error 


Seek errors are detected by reading an ID field 
after the seek is completed. The ID field contains 
the track address. If a seek error is detected, the 
host system should issue a recalibrate operation 
(step out until Track 00 line goes active) and seek 
back to the original track. 
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9.0 OPERATION PROCEDURES 


The SA400 was designed for ease of operator use 
to facilitate a wide range of operator orientated 
applications. The following section is a guide for 
the handling procedures on the minidiskette and 
minifloppy drive. 


9.1 Minidiskette Loading 


Figure 37 shows the proper method of loading a 
minidiskette in the SA400. To load the diskette, 
open the door on the front panel, insert the 
diskette with label towards the door handle and 
close handle. A mechanical interlock prevents 
door closure without proper media insertion, thus 
eliminating media damage. 


z $ 





FIGURE 37. LOADING SA400 
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9.2 Minidiskette Handling 


To protect the diskette, the same care and handl- 
ing procedures specified for computer magnetic 
tape apply. These precautionary procedurés are as 
follows: 


1. Return the diskette to its storage envelope 
whenever it is removed from file. 


2. Keep cartridges away from magnetic fields and 
from ferromagnetic materials which might 
become magnetized. Strong magnetic fields 
can distort recorded data on the disk. 


3. Replace storage envelopes when they become 
worn, cracked or distorted. Envelopes are 
designed to protect.the disk. 


4. Do not write on the plastic jacket with a lead 
pencil or ball-point pen. Use a felt tip pen. 


5. Heat and contamination from a carelessly 
dropped ash can damage the disk. 


6. Do not expose diskette to heat or sunlight. 


7. Do not touch or attempt to clean the disk 
surface. Abrasions may cause loss of stored 
data. 


9.3 Write Protect Feature 


The SA104/105/107 minidiskettes have the capa- 
bility of being write protected. A write protect 
notch is located on the diskette jacket. When the 
notch is open writing is allowed. When the notch is 
covered with a tab, writing is inhibited and the 
interface signal will be activated. Figure 38 illus- 
trates the SA104/105/107 minidiskette write pro- 
tected and unprotected. 





UNPROTECTED 





WRITE PROTECTED 


FIGURE 38. SA104/105/107 WRITE PROTECT 
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1.0 INTRODUCTION 


The SA4400 Floppy Disk Controller (FDC) is a 
complete preprogrammed controller for Shugart 
SA400 floppy disk drives. It performs control 
functions to transfer data between | to 3 disk 
drives and a host system and to format disks 
according to the moditied IBM type format speci- 
fications. The SA4400 provides a General Purpose 
Host Interface which can easily interface to mini- 
computer/microprocessor I/O busses, CRT termi- 
nals, instruments, TTL/MSI microprocessors, 
industrial controllers, and other byte oriented 
systems. 


The General Purpose Host Interface receives 
commands from the host system which allow data 
to be addressed and transferred between the 
floppy disk drive and host system. These macro 
level commands are interpreted and implemented 
by the SA4400. The FDC microprocessor is used 
to execute a sequence of ROM based instructions 
to implement each macro command from the host 
system. 


The SA4400 features include: 


e Single byte oriented TTL interface for easy 
interface to host system. 


e Fight macro commands which provide all disk 
functions with a minimum of host system soft- 
ware overhead. 


® Command queuing for maximum CPU 
utilization. 


@ Modified IBM type format functions 
preprogrammed. 


@ Approximately 40 TTL circuits for low cost 
and high reliability. 


® Bipolar microprocessor for maximum 
flexibility. 


@ Sector data buffer for fully buffered data 
transfer Operation. 


® Control of up to 3 disk drives with overlapped 
head positioning to increase system throughput. 


@ Single five volt supply. 


@ Direct mounting to SA400 base 
casting. 
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2.0 GENERAL PURPOSE HOST INTERFACE 


The General Purpose Host Interface provides 17 
TTL signal lines for interface to a host system (see 
Figure 1). Each TTL signal is defined in terms of 
function and timing. The interface consists of 3 
I/O ports which provide control, status, and data 
paths between the host system and the SA4400 
Floppy Disk Drive Controller (FDC). 
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CONTROLLER WITH GENERAL PURPOSE HOST INTERFACE 


The DATA lines (Data Port) are used for read data, 
write data, command data, and FDC system status. 


The STATUS lines are used to transmit handshake 
signals to the host and to signify that status infor- 
mation is available on the DATA port. 


The CONTROL lines are used to initiate FDC 
operations and to acknowledge handshake signals 
from the FDC when data transfers are occurring 
between the FDC and the host system. 


CONTROL and STATUS Lines 


CONTROL Lines: 


HALT Active Low halts FDC operation— 
operation resumes when HALT is Hi. 
This signal is normally not used by 


the host system. 


Active Low resets the FDC CPU pro- 


RESET 
gram counter to zero, restarts the FDC 
control program and resets all drives in 
the system to Track 00.. + 

CMD Signal set by host to initiate FDC 
operation. 

ACK Handshake signal set by host to 


acknowledge data transfer. 
STATUS Lines: 


DIR Defines direction of data port: 
1 = data output (user read), 
O = data input (user write). 


FDC ON 1= FDC is off line, 0 = FDC is on line. 
BUSY 1 = controller active, 
O = controller inactive. 

STATUS = status available to host on data 
port. 

XFR Handshake signal used for data 
exchange between data port and host 
system. 

DATA Lines: 


Fight bidirectional lines used to transmit com- 
mands to the FDC, transfer data between the 
host and FDC, and report status to the host 
system. 


2.1 FDC Functions 


The SA4400 provides eight functions which 
implement all the basic operations required to 
address, read, and write user data. The eight 
functions are: 


Function 
Name Function Description 
INIT System Resets controller and all 


Reset floppy disks in system, and 
controls disk drive motor 
on/off. 


SEEK Position Steps head to specified 
Head track. 
on Track 

READ Read Reads a sector of data 
Disk from specified sector. 
Sector | 

READID Read Reads the next sector ID 
Next ID information. 

WRITE Write Writes a sector of data 


Disk with normal Data AM to 
Sector specified sector. 


WRDEL Write Writes a sector of data 
Sector of with Deleted Data AM to 
Deleted — specified sector. 
Data | 


FORMAT Format Writes address marks, gaps, 
Track and data on entire track 
per modified IBM type 
format. 


Returns status for 
addressed drive. 


STATUS _ Drive 
Status 
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2.2 Sector Buffering 


The sector buffer function provides 128 bytes of 
data buffering for the READ, WRITE, and 
WRDEL operations. The host may specify in these 
operations that the operation is to be: a data 
transfer between the host and disk, a data transfer 
between the host and the FDC’s buffer, or a data 
transfer between the FDC’s buffer and the disk. 


This function permits the host to transfer data to a 
buffer at a data rate determined by the host and to 
subsequently request a buffer to disk operation 
which is performed independent of the host. 
Similarly, the host may request a disk to buffer 
operation and subsequently read the buffer con- 
tents at a data rate determined by the host. A 
buffer command must have a valid disk drive 
address. If it has the address of a drive that is not in 
the system, the command will be aborted and 
FDC status will be returned to the user with bit 
DISK NOT READY set. 


The buffer function also allows the host to write 
the buffer contents to more than one sector and to 
transfer data between sectors via the buffer, with- 
out requiring an actual data transfer between the 
host and FDC. In a multiple disk system, the 
buffer function may be used to perform disk 
copies via the buffer. The buffer function is 
described in detail under the READ, WRITE, and 
WRDEL operations. The buffer contents are 
unaffected by a transfer to disk or host. 


2.3. Queued Commands 


The queued command feature is provided for 
maximum host CPU utilization. The host can first 
issue a seek to a drive and then issue a READ/ 
WRITE to the same drive while seek is in progress. 
The FDC will store the command bytes in memory 
and as soon as the seek is completed it will pro- 
ceed with the execution of the R/W command. 
Host-FDC interaction will be required again when 
XFR line is toggled by the FDC to indicate that a 
byte transfer is ready or status acknowledgement 
is needed. 


Host systems featuring interrupt capabilities may 
use the XFR line to get interrupted when host- 
FDC interaction is needed. Non-interruptable 
systems must use polling algorithms to determine 
when to service the FDC. 


The following examples illustrate the use of 
queued commands: 


a) Proper command sequence--SEEK (DRIVE 0), 
SEEK (DRIVE 1), READ (DRIVE 0) 


b) Illegal command sequence - SEEK (DRIVE 0), 
READ (DRIVE 0), SEEK (DRIVE1 )* 


*When a READ/WRITE command is issued, BUSY 
line is set. Consequently, if command line is 
raised again, the operation will be aborted. 


2.4 Command Descriptions 


All commands to the FDC are two bytes long. In 
case of commands with no command data required 
(i.e., INIT, STATUS, READID or host-buffer- 
commands), the second command byte can have 
any value. A description of the command formats 
and command functions follows. Command input 
and timing is described in the next section. 


2.4.1 INIT Command 


COMMAND BYTE 1 





CNTRL OFF 





The INIT command resets all disks in the system 
to track 00; a SEEK to track 00 may be used to 
reset a single disk. No status or status handshake 
occurs for a INIT command; the FDC initiates 
SEEKs on all disks in the system and makes itself 
ready (BUSY=0) for anew command. 


Bit 2 of the INIT command byte, in effect, splits 
the INIT command into two separate functions. If 
bit 2 = 0, then the command acts as a normal INIT 
command. If bit 2 = 1, then the INIT command is 
ignored and the command functions as a motor 
on/off control for all drives in the system. 


Floppy Disk Motor Control 


When bit 2 =1;INIT provides motor control to 


the user. 
when bit 3 =O turns motor on. 


when bit 3 =1 turns motor off. 


2.4.2 SEEK Command 


COMMAND BYTE 1 
uo % 2 3-4 8&8 @ 7 





Disk Drive 
Address (0-2) 
(bit 4 is Isb) 


COMMAND BYTE 2 





Track Address 
(0-34) 
(bit 7 is Isb) 


The SEEK command steps the head of the 
addressed drive to the track specified in the com- 
mand. Following acceptance of the SEEK com- 
mand by the FDC, the head is stepped one track 
and FDC reports status with bit SEEK-IN- 
PROGRESS set. The user, then, must acknowledge 
status HANDSHAKE before the SEEK can 

be completed. 


After the status acknowledging handshake is done, 
BUSY signal goes low. This indicates that FDC is 
ready to accept a new command, while SEEK is in 
progress. 


If the new command is a SEEK to another drive 
(overlapped SEEK), FDC will step one track in the 
new drive, report status to the host and upon 
completion of the status acknowledging hand- 
shake, stepping will be done concurrently in all 
drives. 


If a SEEK is performed to a track where the head 

is currently residing, a step does not occur but the 
user must still acknowledge status. The status byte 
will have SEEK-IN-PROGRESS set. 


The SEEK operation does not verify the track 
address by reading the ID gap. However, the host 
may do this by doing a ““READID” after a SEEK 
operation and comparing the track address with 
the last SEEK track address. 


2.4.3 READ Command 


COMMAND BYTE 1 
G ¢ 2 fo 4 6 6 7 









Disk Drive 
Address (0-2) 


Disk-Buffer 


Buffer-Host 


COMMAND BYTE 2 





Sector Address 
(1-18) - 
(bit 7 is‘lsb) 


The READ command initiates a read of the sector 
specified in the second command byte or a read of 
the FDC’s buffer. If the operation is a disk read, 
the host may specify a disk-to-host data transfer 
(first command byte bits 0, 1=00) or a disk-to- 
buffer data transfer (first command byte bits 0, 
1=01); in either case, a SEEK command is assumed 
to have positioned the disk to the proper track. 


The READ command will automatically verify 

the track address by comparing the previous 

SEEK address to the address read from the 

track. If these do not agree, the operation is 
aborted with the status bit ‘head positioning error’ 
set. If the operation is a buffer read (first com- 
mand byte bits 0, 1=10), the sector address is 
ignored, and, if the addressed drive is ready, the 
contents of the-FDC’s buffer are transferred to 

the host; it is the host’s responsibility to precede a 
buffer read with the proper disk read. In all cases, 
a full sector of data is transferred, a byte at a time, 
according to the protocol and timing described 
under DATA TRANSFER. Error and status report- 
ing for a READ operation is described under 
STATUS HANDSHAKE. 


2.4.4 READID Command 


COMMAND BYTE 1 


Oo + 2 @ #4 8&8 6 7 





Disk Drive 
Address (0-2) 


COMMAND BYTE 2 
oe 2s 2 8B © 7 





The READID command causes the FDC to read 
the next available sector ID. When the data 
becomes available, XFR.line is toggled. Byte trans- 
fer can be done at the user speed (buffered 
transfer). The first byte of data is the track address 
read while the second byte is the sector address. 
Error and status reporting for a ““READID” opera- 
tion is described under STATUS HANDSHAKE. 





2.4.5 WRITE Command 


COMMAND BYTE 1 


Oo 2 8s We: b> SG, Ff 









Disk Drive 
Address (0-2) 


Buffer-Disk 


Host-Buffer 


COMMAND BYTE 2 





Sector Address 
(1-18) 
(bit 7 is Isb) 


The WRITE command initiates a write of the 
sector specified in the second command byte or a 
write of the FDC’s buffer. If the operation is a 
disk write, the host may specify a host-to-disk data 
transfer (first command byte bits 0, 1=00) or a 
buffer-to-disk data transfer (first command byte 
bits 0, 1=01); in either case, a SEEK command is 
assumed to have positioned the disk to the proper 
track. The WRITE command will automatically 
verify the track address by comparing the previous 
SEEK address to the address read from the track. 
If these do not agree, the operation is aborted with 
the status bit ‘head positioning error’ set. If the 
operation is a buffer-to-disk operation, the con- 
tents of the FDC’s buffer are written to the disk; 
it is the host’s responsibility to precede the opera- 
tion with the proper buffer write. If the operation 
is a buffer write (first command byte bits 0, 1=10), 
the sector address is ignored and, if the addressed 
drive is ready, the host data is transferred directly 
to the FDC’s buffer. In all cases, a full sector of 
data is transferred, a byte at a time, according to 
the protocol and timing described under DATA 
TRANSFER. Error and status reporting for a 
WRITE operation is described under STATUS 
HANDSHAKE. 


2.4.6 WRDEL Command 


COMMAND BYTE 1 


Oe ge. 2 ae A Ge GB, - FF 









Disk Drive 
Address (0-2) 


Buffer-Disk 


Host-Buffer 


COMMAND BYTE 2 





Sector Address 
(1-18) 
{bit 7 is Isb) 


The WRDEL command is the same in all ways as 
the WRITE command except that a DELETED 
DATA address mark is written on the data sector. 


2.4.7 FORMAT Command 


COMMAND BYTE 1 





Disk Drive 
Address (0-2) 
(bit 4 is Isb) 


COMMAND BYTE 2 





Track Address 
(0-34) 
(bit 7 is Isb) 


The FORMAT command causes the FDC to write 
an entire track with the appropriate address marks, 
record gaps, and sector data (Hex ES) as specified 
by the modified IBM type format. A SEEK 
command should precede the FORMAT command 
to position the head properly but the FDC will 
use the track address specified in the FORMAT 
command as the track address to be written _ 

in the sector IDs. Error and status reporting 

is described under STATUS HANDSHAKE. 


2.4.8 STATUS Command 


COMMAND BYTE 1 


O T2286 





Disk Drive 
Address (0-2) 
(bit 4 ts Isb) 


COMMAND BYTE 2 





The STATUS command returns device status for 
the specified disk (CMD and Disk Drive Status). 

The status which may be returned is: a) disk not 
ready, b) motor off, c) disk write protected, 

d) seek in progress. 


All track and sector addresses are verified by the 
controller. If the address is incorrect the status 
byte will indicate “invalid TRK/Sec address’. 
However, in the case of a track address, bits O & 1 
are ignored. These bits may contain a “1” but the 
controller will not report an error. The same rule 
applies with a sector address bits 0, 1, & 2. 


2.4.8.1 Description of SA4400 States 


A) Initialization Sequence 


FDC Status Lines: 1) XFR=1 CMD=0 
2) STATUS=i ACK=0 
3) BUSY=1 
4) DIR=1 
5) FDCON=1 


FDC enters the initialization sequence at power- 
up, hardware reset or through the INIT command 
(bit 2 =0). Exit from the initialization sequence 
will occur when at least one drive of the system is 
determined ready. (Time controiler requires to 
complete INIT sequence is | sec (min). 


B) Command Handshake 


FDC Status Lines: 1) XFR=0/1 CMD=0 
2) STATUS=0 ACK=0/1 
3) BUSY=0 
4) DIR=0 
5) FDCON=0 


FDC is ready to accept a new command. The 
command handshake is carried out as follows: 


CMD=1 
ACK=0/1 XFR=0/1 
Host raises CMD line to indicate communication 
with FDC is needed, places data on port and 
toggles ACK line, (ACK line must toggle within 
5 usec after CMD is raised). FDC reads data in 
and toggles XFR line. Host then places second 
command byte on port and toggles ACK line. 
FDC reads in second byte, toggles XFR line and 
waits for CMD line to go low before continuing 
with the execution of the command. 


CMD line can also be used to abort an operation 
(when BUSY=1). That will! result in status being 
available on data port. (STATUS HANDSHAKE). 


Before raising CMD line, host should set ACK 
line to the value of XFR line. This prevents the 
system from hanging up in case of a data overrun 
or operation aborted condition. 


C) Data Transfer 


CMD=0 
ACK=0/1 


FDC Status Lines: 1) XFR=0/1 
2) STATUS=0 
3) BUSY=1 
4) DIR=0/1 
5) FDCON=0 


When data is transferred between the FDC and the 
host system, the XFR line and ACK line are used 
to complete a handshake between the FDC and 
the host system. The XFR line is toggled by the 
FDC to indicate a‘data byte transfer (data avail- 
able from FDC or data requested from host sys- 
tem) and the ACK line is toggled by the host 
system to acknowledge the data byte transfer (data 
accepted or made available by host system). 


During a Direct Data Transfer operation the XFR 
line is toggled by the FDC every 64ysecs (+4psecs) 
to indicate data is available on the DATA port 
(READ) or data is requested from the host (WRITE). 
The host acknowledges the data transfer/request by 
toggling the ACK line. If the host fails to acknow- 
ledge a data transfer by failing to toggle the ACK 
line, the READ/WRITE operation is aborted and a 
data overrun error is generated. 


During a buffer to disk or disk to buffer data trans- 
fer, the host does not provide data transfer hand- 
shaking. After acceptance of the data transfer 
command, the operation is transparent to the host 
system, 


~ 


During a direct host to disk or disk to host trans- 
fer, the contents of the FDC buffer are unaffected. 


D) Status Handshake 


FDC Status Lines: 1) XFR=0/1 CMD=0 
2) STATUS=1 ACK=0/1 
3) BUSY=1 
4) DIR=1 
5) FDCON=0 


Status is available on data port: 1) at the end of an 
operation, 2) if an operation was interrupted, 3) if 
an operation was not performed because of drive 
malfunction: 


The status handshake is carried out as follows: 


FDC sets STATUS line high, places status byte on 
data port, and toggles XFR line. Host reads data 
from port and toggles ACK line. FDC will return 
to idle loop and will set STATUS line low. Two 
types of status bytes may appear at the data port. 
They can be distinguished by examining the 

most significant bit of the status byte (STATID). 


2.4.8.2 Status Bytes 


1) CMD and Disk Drive Status 


| Ck 22 oo ag. ~B MG. 7 
STATID a 
_ Disk drive not ready = | 
. Disk write protected = | 
. Head positioning error = | 
. Motor off = 1 
. Seek in progress = | 


. Invalid sector/track address = |] 
. Invalid buffer specification/drive address = | 


mVpow Aa” D ~ 


2) Operation Status 


Oe di we eB 





STATID 


. Operation aborted = | 

. Data overrun = 1 

No AMS found = | 

. Data address mark missing = | 
. Sector unrecoverable = | 

. CRC error = | 

. Deleted data read = | 


Interpretation of Status Bits 


Command and Disk Drive Status: (STATID ~-- 
Bit 0 = 0) 


Bit 7 Disk Drive Not Ready: Addressed drive is 
not in system, has the door open, or has 
no disk inserted. 


Bit 6 Disk Write Protected: Indicates an 
attempt to write on a read only disk. 


Bit 5 —_ Head Positioning Error: Track address 
read does not match address from last 
seek. May indicate drive problems. 


Bit 4 Motor Off: Motor not activated thru 
‘INIT’ command. 


Bit 3 Seek In Progress: Indicates that a seek has 
been initiated. 


Bit 2 Invalid Sector/Track Address: Sector 
address exceeded 18 or track address 
exceeded 35. 


~ Bit | Invalid Buffer Specification/Drive 


Address: A buffer function of 3 has been 
given and is illegal. 


Operation Status (STATID ~ Bit 0 = 1) 


Bit 7 Operation Aborted: Errors which caused 
abort are reflected in bits 4-6. Nothing in 
4-6 means command given while busy. 


Bit6 Data Overrun: User failed to acknowledge 
data transfer. If durmg WRITE, the sector 
is probably written incorrectly. 


Bit 5 No AMS Found: No address marks in full 
disk revolution. May indicate bad track 
or unformatted disk. 


Bit4 Data Address Mark Missing: Data AM | 
following sector ID not detected. Failure 
after retry may indicate bad track. 


Bit 3 Sector Unrecoverable: CRC error occured 
on sector [D read or sector ID was not 
found. Repeated errors on retry may 
indicate bad track. 


Bit2 CRC Error: CRC error occured on data 
sector read. Repeated errors after retry 
may indicate bad track. 


Bit 1 Deleted Data Read: Sector read con- 
tained deleted data AM. 


cos, 
Newwe’ 


2.5 Program Considerations 
1) Handiing Motor On/Off 


On power-up or hardware reset, FDC sets motor 

on (all drives). Motors can be turned off through 
INIT command. This same command can be used 
to turn motors on programmatically. 


2) Ready Line 


The FDC expects to receive a READY signal from 
the drive. Since the SA400 disk drive has no such 
signal, the user has two options: 


A) Toconnect READY (pin 34 on J106) low 
and make sure drive is ready before using 
it; or 


B) Toleave READY unconnected. In this 
case, program will test for INDEX before 
executing a READ/WRITE command. 
Option B introduces an average latency of 
100 ms to the execution of the READ, 
WRITE, and FORMAT commands. 


= 


2.6 Further Information 


Electrical specifications and pin-outs for the host 
interface connectors can be found in the SPECIFI- 
CATIONS section of this manual. Cabling informa- 
tion for the host interface can be found in the 
INSTALLATION section. 


STATUS 
BUSY 


DIR 


7 = 
iy 





XFR 


T, = 0 us (min) 
To = 1 us (min) 


T3 = 2 us (min), 4 us (max) 
STATUS HANDSHAKE 


5 a 


ACK 


XFR 


First CMD Second CMD Begin 
byte is byte is operation 
available available 
FDC has FDC has 
read 1st read 2nd 
CMD byte CMD byte 
v, = 0 us (min), 5 us (max) Pr = 2 us (min), 20 ms (max) (if seek in progress) 
Ty = 1.2 us Ts = 0 us (min) 


Tz = 3 us (min) 
COMMAND HANDSHAKE 


ie 


BUSY ras 








T3 
XFR 
ACK 
DIR (WRITE) 
Ty 
DIR (READ) | 
Ty = Up to 207 ms T3=64ust4 us 


i O us (min), 20 us (max) for Write, 35 us (max) for Read T= 10 us (min) 


TIMES SUBJECT TO CHANGE. 


ae 


DATA TRANSFER (DIRECT: HOST-DISK/DISK-HOST) 


«|XX 
«| TX __ xX) 


DIR (WRITE) 


DIR (READ) 





T, = 10s (min), 40 us (max) 
T> = 0 ps (min) 
T3= 10 us (max) 
T4 = 10 us (min) 


DATA TRANSFER (BUFFER-HOST/HOST-BUFFER) 
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3.0 FLOPPY DISK DRIVE INTERFACE 


The Floppy Disk Drive Interface receives data and 
status from the drive and transmits data and con- 
trol to the drive. All status and control signals 
required by the SA400 floppy disk drive are 
present at the interface. 


3.1 Read Operation 


The data separation logic is organized around a 
crystal controlled oscillator and provides ali 
necessary timing information. Recorded double 
frequency data is buffered into bytes of clock bits 
and data bits and is then passed on to the FDC 
CPU through the I/O port during read operations. 
The nominal-time from a clock (data) bit to a data 
(clock) bit is 4 us. The nominal time from a clock 
(data) bit to the next clock (data) bit, when there 
is no intervening bit, is 8 ws. 


3.2 Write Operation 


During write operations, the clock and data 
information is passed from the FDC I/O port 

and recorded serially in double frequency format 
on the disk. The data and clock bits appear as 
400 ns pulses on the WRITE DATA line. (The 
actual pulse duration is not critical since the edge 
is used to change the direction of current flow in 
the read/write head.) The variation from the 
nominal 4 us or 8 us period is +.1%. 


3.3. Drive Selection 


Floppy disk drive selection is performed through a 
single CPU I/O port on the drive interface. Both 
binary encoded and one-out-of-three addressing 
schemes are supported for daisy chain configura- 
tions of up to three floppy disk drives. DRIVE 
SELECT loads the drives’ R/W head. 


3.4 Drive Status 


Disk drive status is accessed through a single CPU 
I/O port on the interface. Status is sampled by the 
controller at various times between and during 
operations as well as during system initialization. 
INDEX is sampled during system initialization to 
assure a drive ready status for the selected drive. 
The WRITE PROTECT signal is used to prevent 
writing on a read only disk and TRACK 00 is used 
to prevent incorrect head retraction. 


3.5 Drive Control 


Disk drive control is performed through a single 
CPU I/O port on the interface. Head positioning is 
done with the STEP, and DIRECTION signals. 
WRITE GATE is used to activate the drive’s write 
logic. MOTOR ON is used to control the drive’s 
spindle motor. Timing on all ‘of these signals meets 
the SA400 specifications. 
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4.0 FDC PROGRAM FLOW-CHARTS 


POWER ON RESET 


— 


SE SATUS PORT ALL ONES. 
CLEAR HISTORY AND 
CONT EXT. 


| 















DECR AD RIVE ADDRESS, 
SE LEGA eE 





VES 


SET INITIALIZED FLAG. 
DISK DRIVE READY? 


WES 


INITIATE SEEK TO ZERO BY 
STEPPING ONE TRACK. 
SET SEEK IN PROGRESS AND 
DRIVE READY FLAG. 


DRIVE ADDRESS = 0? 


YES 


ANY DRIVE READY FLAG SET? 















TO MAIN 
PO'RLING OOP 


System Reset and Initialization Sequence 
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BUSY s:0 
XPRD OED OuNe 4G; 
DATA PORT USER WRITE 













INITIALIZE 4 SEC TIMER 


Or 


TO COMMAND 
HANDSHAKE 









EArt: 


YES 








HAVE 4SECS ELAPSED 
Wr Mok De OLB? 



























as cae 


NO Gores @ 
CURRENT DRIVE? 


WES 






SEL-DRIVE DESELECT FLAG 










STEP ONE TRACK 
SET WAIT INCR. 





AS THE DRIVE THAT WAS MOST 
RECENTLY SELECTED AND ON 
WHICH A READ/WRITE OPERA: 


‘CURRENT DRIVE IS DEFINED 
TION TOOK PLACE. 


TO COMMAND 
DECODING 


Main Polling Loop 
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“SET BUSY = 
RESET COMMAND? 
| O 


N 
STORE COMMAND BYTES IN 
WS IN CASE OF QUEUED ROST 
YES 
STATUS COMMAND? 
NO 
INITIALIZED FLAG SET? 
NO 
NO 
| INDEX PULSE OK? 
YES 
SET INITIALIZED FLAG 
YES 
SEEK IN PROGRESS? 


eet | NO 


NO 7 
FROM MAIN SEEK COMMAND? 


POLLING LOOP YES 














YES 


STEP ONE TRACK, SET WAIT INCR. 


DAIVe DESELECT FLAG Sel? 


SETTLE WAIT FLAG -SET? 
No L¢ 





NO 


Yeo 
TES 


WRITE FUNCTION? 


NO 


DECODE AND EXECUTE EACH 


READ/WRITE FUNCTION. 
SET STATUS BYTE 
AT COMPLETION. 





TO STATUS 
ACKNOWLEDGING 
HANDSHAKE 





VES 





3 WAIT SETTLE TIME, 
CLEAR WAIT FLAGS 


DISK WRITE ne ee 


TOSYSTEM RESET 


+A) AND INITIALIZATION 






TEST: 
DISK WRITE PROTECTED 
SEEK IN PROGRESS 


DISK NOT READY 
SEL SLAITUS BYTE 









TO MAIN 
POLLING LOOP 


SET-QUEVED:- REQUEST FLAG 





| SEEK IN PROGRESS 
SET STATUS BYTE 


SELECT DRIVE 
WAIT HEAD LOAD TIME, 
CLEAR WAIT FLAGS 














© 


TO STATUS 
ACKNOWLEDGING 


SET STATUS BYTE 


Command Decoding 


Le 









STORE 1ST COMMAND 


FOGGLE APR 


STORE 2ND COMMAND 
BYTE INTO-REGISTERS 


TO COMMAND DECODING 


Command Handshake 











BY REIN TOSPEGIS TERS 
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SET DATA PORT i 
TO USER READ ONLY 


Sah BU = I 
TOGGLE XFR 








HAS. ACK TOGGLED? ee. 









anes 





TOGGLE XFR SETBUSY=0 | 


° > 


TO MAIN 
POLLING LOOP 


Status Acknowledging Handshake 
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5.0 SPECIFICATIONS 


The following section contains the SA4400 
specifications including electrical parameters and 
pin-out of all connectors normally used in a floppy 
disk drive system. (Note that other connectors are 
provided for testing and system expansion.) In 
addition, a tabular description of the program 
specifications is included. 


5.1 System Environment Ratings 


Supply Voltage, Vcc* 0.5 to6V 
Input Voltage* -O.5to5.5 V 
Operating Voltage 5V + 5% 


Output Current, 


Short Circuit* nee : 
Operating Temperature OC to 50°C 


Storage Temperature ~65°C to 125°C 


NOTE: Stresses outside and extended time at 
the limits of these ratings may cause 
permanent damage or affect device 
reliability. Functional operation at 
these limits is not guaranteed or 
implied. 


5.2 System Power Requirements (J300) 
Voltage: SV +5%at J300 


Current: 3.0 amps (maximum) 


ass ( 

J300 
PINOUT ) any ener 
+5 ee oe 


AMP PN-350211-1 


5.3 Host interface Electrical Parameters (J0O1) 


All general purpose interface signal lines provide 
standard TTL input and output levels with Tristate 
outputs. The DC electrical characteristics are 
shown in Table | below: 


T 


(Limits apply for Voc =5Vt 5% andO°C < 


A <50°C unless specified otherwise) 





LIMITS 








PARAMETER 
























High-Level Input Voltage 2.0 
Low-Level Input Voltage dct | E = _| 
Input Clamp Voltage li= _SmA | ee eee ee | / 
High-Level Input Current CR S25 <10 | 100 | yA 
VIH=5.25V : P| 

Low-Level Input Current | si VCC=5. 25V 

| ee ae eee | 

| Low-Level Output Voltage VOL Voec= =4, 75V 

— _ | OL=16mA 

| High-Level Output Voltage |  YOH Vec=4.75V 

| oo | 1OH=3.2mA 

} Short-Circuit Output Current los Vcc=5.25V 








5.4 ~- Interface Connectors to SA4400 
1106: Drive Interface 
JOl: Host Intertace 


J306: 9 Power Supply (Pin 4: Vcc = +5V) 


5.5 Drive interface Electrical Parameters {J106) 


The following parameters describe the control 
lines and the select lines to the floppy disk drive 
and are independent of the drive manufacturer. 


5.5.1 DC Electrical Characteristics (Output) 


(Limits apply for Vac =5V £ 5% and o-c< Las 50° C unless specified otherwise. 
Note: Outputs all open collector.) 













5 : | _ LIMITS | 
__PARAMETER | SYMBOL | CONDITIONS | MIN.| TYP. UNITS | 
Low-Level Output Voltage VOL Voc=4.75V. | | 
(WRITE DATA) lOL=60mA | 
Low-Level Output Voltage VOL Vcc =A75V | | 
(all others) | lop=100mA | 





The following parameters specify the loading 
presented to the drive, and the voltage levels 
required, by the SA4400. 


5.5.2 DC Electrical Characteristics (Input) 


(Limits apply for Veg = SV + 5% andO C<Ty < 59° © unless specified otherwise. 


Open collector outputs assumed at drive.) 
LIMITS 


PARAMETER SYMBOL | CONDITIONS UNITS 
Low-Level Input Voltage | Mie | 
oe ae 

















Low-Level Input Current 


J106 PIN-OUT FOR SA400 5.6 Shugart SA400 Controller Performance 
Specifications 
Signal Name Pin Number 
allowed SELECT to INDEX time: 207 ms (max) 
read data 30 . 
ground return 49 allowed INDEX pulse time: 100 us (min), 2.2 ms 
write data 910) (max) 
BOUL da allowed INDEX to INDEX time: 192.8 ms (min), 
ground neuen 23 motor turn on time: | sec. (max) 
write protect A8 
ground return 27 head load time: 75 ms 
step 20 track step time: 40 ms 
ground return 19 - ; 
qieceueh 18 head settle time: 10 ms (additive to step or load) 
ground return 17 STEP pulse duration: 10 us 
track 00 26 DIRECTION to STEP delay: 1.2 us 
ground return 25 
DIRECTION polarity: low level > step in 
WRITE GATE to WRITE DATA delay: 1.6 us 
index 8 (min), 3.6 ws (max) 
ground return 7 
drive select | 10 WRITE PROTECT polarity: low level > read only 
ground return 9 disk 
drive select 2 12 
ground return 1] 
drive select 3 14 
ground return 12 


| 


we 


ts 


a 
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6.0 SYSTEM INSTALLATION 


The following section describes the cables and 
installation procedures for the SA4400 floppy disk 
drive controller. 


6.1 Host Interface 


The host computer is interfaced to the SA4400 
through connector JO1. The pin-out of these con- 
nectors is described in the preceding section and 
the use of the host interface lines is described in 
section II]. The cable to JO! is a standard flat cable 
with alternating grounds to minimize cross-talk. 
The remainder of the interface is initialized by the 
CPU when power is applied or when a reset is 
performed through JO1 (not a controller INIT 
command but rather an active level on the RESET 
line in JO1). The cable required for JO! is 
described in the diagrams which follow. VCC and 
ground are supplied through connector J300. 


6.2 Drive Interface 


The floppy disk drives are interfaced to the 
SA4400 through connector J106. The electrical 
specifications and the pin-out of J106 are given 
in the preceding section. The cable required for 
J106 is described in the diagrams which follow. 
(No de power is supplied to the drive through 
J106 since this is a high impedence cable.) 


6.3 Drive Options 


1. ‘MUX’ option must be opened on all drives 
even in a one drive system. 


In addition T1, T2, 13, T4 and T5 should be 
jumpered at the last drive on the signal cable and 
one of the DS1-DS3 should be jumpered on each 
drive to assign the logical address. (See the SA400 
OEM manual for a complete description of the 
drive options.) 


HOST CABLES (FDC to HOST): 


JO1 | | HOST 





\ 3M P/N 3463-0001 


Host cables are 34-conductor ribbon cable. (10 feet maximum) 


FDC VCC CABLE (POWER SUPPLY TO FDC J300): 


NO CONNECTION 
NO CONNECTION 
GND 





LO 


| HOUSING AMP P/N 1-480424-0 
TWISTED PAIR 18 AWG ° PINS AMP P/N 61473-1 


The FDC VCC cable supplies 5V and ground to the SA4400 series floppy disk drive controller. 


SA400 CABLES 


SIGNAL CABLE (FDC J106 to SA 400 J1): 


| aes 
SS es eS 
1 | : 
Me ts 


\ 3M gM EEN9905-000 3463-0001 we \ | 


3M or 3463-0001 
sa 400 400 


Signal cable is 34-conductor ribbon cable. 


HOST INTERFACE CABLES 
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6.4 Additional Information About The SA4400 


1. All references to logic | are active high TTL 
levels. 


All references to logic 0 are active low TTL 
levels. 


2. Most significant bit is bit O in all cases. 


3. The head is loaded whenever the drive is se- 
lected. The drive is deselected and the head is 
unloaded after 4 seconds of no disk activity. 


4. The command byte data must be stable from 
the leading edge of CMD to the leading edge 
of XFR. 


5. RESET signal line should be held low for a 
minimum of | usec. The SA4400 program 
resumes when RESET returns to +5volts. 


FM Recommended Format — 128 Byte & 18 Records/Track 


10. 


. During power up the SA4400 tests for a 


floppy disk drive which is ready or which is 
generating an INDEX pulse within a specific 
time interval. If at least one drive is ready, 
the SA4400 indicates via the status port (e., 
BUSY=0) that it will accept a command. 


All STATUS and DATA bits=1 until initializa- 
tion is complete. When initialization is com- 
plete, FDCON-0 and all STATUS bits are 
cleared to 0, and DATA port is readied to 
receive a command. 


. Since the SA4400 performs READ/WRITE 


operations on a sector-by-sector basis, sector 
interleaving must be accomplished by the host 
system through appropriate READ/WRITE 
sequences. 


. To achieve the stated MTBF of the SA400 


drive, the host system must turn the drive 
motor off thru the ‘INIT’ command if no new 
commands are anticipated. 


For commands which specify a drive address; 
bit 4 is the LSB. If bits 3 & 4 = 00, the DS1 line 
will be activated. If bits 3 & 4 =01, the DS2 


line will be activated. If bits 3 & 4 = 10, the DS3 


line will be activated. 


Physical Index —p | | 


—_______—- REPEATED FOR EACH RECORD 
G1 ID FIELD G2. +*—————_- DATA FIELD G3 G4A 
sync | am | Ip | cRC | sync | AM | DATA | CRC | WG OFF 
2 6 


# of Bytes 16 4 1 2 4 128 2 1 16 103 


| | 

| | an 
Hex Byte FF 00 FE FF | 00 [4] Feo! ge EF 
Binary Byte ; 


Update Write 





[1] Track Addr, Sector Addr 
Generated by CRC Generator which should be IBM or equiv. 


FB for data field or F8 for deleted data field 


[4] User data 


SOFT SECTORING - MODIFIED IBM TYPE FORMAT 
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5.500 


5.75 


, LS 


COMPONENT 
SIDE 





a 


\WW .156 DIA 
8 PLACES 





AO 2 


SA4400 PC BOARD DIMENSIONS 


NOTE: Minimum of .30 diameter around mounting holes on component side is free 
of metal traces. This provides screw head clearance. 
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a are ag 
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PREFACE 


This service manual contains all the information 
required to service the SA 400 MiniFloppy drive 
in the field. The service manual is divided into 3 
sections: 


Section | Theory of Operations 
Section 2 Maintenances Manual 
Section 3 Illustrated Parts Catalog 
Each section contains its own Table of Contents. 


For information on the SA 400 drive specifica- 
tions, interfacing, track formats, and applications 
notes refer to Shugart Associates OEM manual 
P/N 54102. 
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1.0 THEORY OF OPERATIONS 
1.1 GENERAL OPERATIONS 


The SA 400 Minifloppy Drive consists of read/ 
write and control electronics, drive mechanism, 
motor control, read/write head, track positioning 
mechanism, and the removable Diskette. These 
components perform the following functions: 


e Interpret and generate control signals. 

@ Move read/write head to the desired track. 
e Read and write data 

@ Maintain correct diskette speed. 


The relationship and interface signals for the inter- 
nal functions of the SA 400 are shown in Figure |. 


The Head Positioning Actuator Cam positions the 
read/write head to the desired track on the Disk- 

ette. The Head Load Actuator loads the Diskette 
against the read/write head and data may then be 
recorded or read from the Diskette. 


The drive has two (2) PCB’s, one is for the drive 
motor control and the other is the drive PCB. The 
electronics packaged on the drive PCB contains: 


1. Index Detector Circuits 
oe Head Position Actuator Driver 
3, Head Load Actuator Driver 


4. Read/Write Amplifier and Transition 
Detector 


5. Step Control Logic 
6. Track Zero Sensing Circuits 
7. Write Protect 


The drive motor control PCB contains the following 
electronics: 


1. Motor on & off circuitry 
2. Motor speed control 
1.2 HEAD POSITIONING 


An electrical stepping motor drives the Head Position 
Actuator Cam which positions t&e read/write head. 
The stepping motor rotates the actuator cam clock- 
wise or counter-clockwise. The using system incre- 
ments the stepping motor to the desired track. Each 
step consists of 2 steps to the stepper motor for each 
step pulse supplied on the interface. 





WRITE PROTECT (COM) 
WRITE PROTECT (N/C} 













WRITE PROTECT 








a. OR SWITCH 
| ae I z (Sa ee a 
yw | Sea Sel AEA ee Ore 
ARS, 
i OSS 
READ DATA READ HEAD | ros 
a : 
= 
| Ce LO INDEX/SECTOR 
bis. | Ss Sal) LED 
DRIVE SELECT = 
ce | INDEX/SECTOR oo . 
DETECTOR a STEPPER MOTOR 
WRITE DATA | P \ me 
WRITE GATE | aN [Sy th nee eee | 
WRITE PROTECT 1 Pee aS aaa 
WRITE HEAD \ © ‘N RS Pe. | | 
a \ ae 
| oan ar \ s t 


DRIVE SELECT 





STEP 
DIRECTION SELECT 
DRIVE SELECT (3 LINES) 


TRACK 00 TRACK 00 {COM} 
th 





__ INOEX/SECTOR CONTROL 

__MOTORON __ a oe 
MOTOR ON 
STEPPER oA 
STEPPER $B , 
STEPPER oC 
STEPPER oD 


FIGURE 1. 


1.3 DISKETTE SPINDLE DRIVE 


inne Diskette D.C. drive motor rotates the spindle 
at 300 rpm through a belt-drive system. 50 or 60 
Hz operation is accommodated without any 
changes. A Clamping Hub moves in conjunc- 

tion with the Hub frame that precisely clamps the 
Diskeite to the spindle hub. The motor is started 
by making the interface signal “motor on”’ true 
and is stopped by making this signal false. 


1.4 READ/MWRITE HEAD 


The read/write head is a ceramic head and is in 
direct contact with the Diskette. The head sur- 
face has been designed to obtain maxirnum signal 
transfer to and from the magnetic surface of the 
Diskette with minimum Head/Diskette wear. 


Che SA 400 ceramic head is a single element read/ 
write head with straddle erase elements to provide 
erased areas between data tracks. Thus, normal 
‘olerance between media and drives will not de- 
erade the signal to noise ratio and insures Diskette 
interchangeability. 


The read/write head is mounted on a carriage 
which is located on the Head Position Actuator 
Cam and is driven thru a cam follower. The Disk- 
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FUNCTIONAL DIAGRAM 


ette is held in a plane perpendicular to the read/ 
write head by one platen located on the base cast- 
ing. The Diskette is loaded against the head with 
a felt load pad actuated by the head load solenoid. 


1.5 RECORDING FORMAT 


The format of the data recorded on the Diskette is 
totally a function of the host system. Data is re- 
corded on the Diskette using frequency modula- 
tion as the recording mode, i.e., each data bit re- 
corded on the diskette has an associated clock bit 
recorded with it, this is referred to as FM. Data 
written on and read back from the diskette takes 
the forrn as shown in Figure 2. The binary data 
pattern shown represents a 101. Two recording 
frequencies are used. 1F which is 0 bit and 2F 
which is a 1 bit. The 1F frequency is 62.5 KHz 
and 2F is 125.0 KHz. 


CLOCK BITS 
poe he erate 
‘ 2F ‘ 1F 


DATA BITS 


FIGURE 2. DATA PATTERN 


1.6 BITCELL eight (8) consecutive bit cells. The most significant 
bit cell is defined as bit cell O and the least signifi- 
cant bit cell is defined as bit cell 7. When reference 
is made to a specific data bit (i.e., data bit 3), it is 
with respect to the corresponding bit cell (bit cell 3). 


As shown in Figure 3, the clock bits and data bits 
(if present) are interleaved. By definition, a Bit 
Cell is the period between the leading edge of one 
clock bit and the leading edge of the next clock 


bit. A bit cell oa 8 sec from clock to clock. During a write operation, bit cell 0 of each byte is 


transferred to the disc drive first with bit cell 7 be- 
CLOCK BITS ing transferred last. Correspondingly, the most 


DATA BIT significant byte of data is transferred to the disc 
(IF PRESENT} 


first and the least significant byte is transferred 
af ites tI Ue. last 
| hime 
-_— BIT-CELL == 


BuSEC When data is being read back from the drive, bit 


cell O of each byte will be transferred first with 
FIGURE 3. BIT CELL bit cell 7 last. As with reading, the most signifi- 


cant byte will be transferred first from the drive 


17 guee to the user. Figure 4 illustrates the relationship 


| of the bits within a byte and Figure 5 illustrates 
A Byte, when referring to serial data (being written the relationship of the bytes for read and write 
onto or read from the disc drive), is defined as data. 
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FIGURE 5. DATA BYTES 


1.8 TRACKS 1.10 HARD SECTOR RECORDING FORMAT 


The SA 400 Minifloppy drive is capable of re- In this Format, the using system may record up to 10 or 
cording up to 35 tracks of data. The tracks are 16 sectors (records) per track. Each track is started 
numbered 0-34. Each track is made available to by a physical index pulse and each sector is started 
the read/write head by accessing the head with by a physical sector pulse. This type of recording 

a stepper motor and carriage assembly. Track 00 is called hard sectoring. Figure 6 shows some typ- 

is the outer most track with track 34 being the ical Sector Recording Formats. The using system 
intermost track. Track accessing will be covered must do the sector separation. For additional in- 

in Section 3. formation on sector separation and formatting re- 


Basic Track Characteristics: quirements. Refer to the SA 400 OEM Manual. 


No. bits/track 25,000 bits 1.11 SOFT SECTOR RECORDING FORMAT 
Bit per inch (inside) 2,981 BPI In this Format, the using system may record one 
Tracks per inch 48 TPI long record or several ae records. Each track 
is started by a physical index pulse and then each 
Access time 40 msec record is preceded by a unique recorded identifier. 
This type of recording is called soft sectoring. Fig- 
1.9 TRACK FORMAT ure 7 shows the soft sector format for 18 sectors 
Tracks may be formatted in numerous ways and is and 128 bytes. Refer to the SA 400 OEM Manual 
dependent on the using system. The SA 400 can for further formatting information. 


use hard sector recording with SA105 and SA107 
media or soft-sectoring using SA104 media. 


SA 400 HARD SECTOR FORMAT 


SECTOR SEPARATION DONE BY THE USING SYSTEM 
FM RECOMMENDED FORMAT 


PHYSICAL SECTOR | 
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FIGURE 6. HARD SECTOR FORMAT 
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2.0 DRIVE MOTOR CONTROL 


® Start/Stop 


Speed Control 


® Over Current Protection 


Speed Adjust 


The motor used in the SA 400 is a DC drive motor 
and has a separate motor on and off interface line. 
After activating the motor on line, a 1 second delay 
must be introduced to allow proper motor speed 
before reading or writing. 


When motor on is activated to PIN 16 on the drive 
PCB this will start the motor by causing current to 
flow thru the motor windings. Figure 8 shows the 
functional diagram of the motor speed control cir- 
cult. The motor speed control utilizes an integral 
brushless tachometer. The output voltage signal 
from this tachometer is compared to a voltage/ 
frequency reference level. The output from the 
voltage/frequency comparator will control the 
necessary current to maintain a constant motor 
speed of 300 RPM. Motor speed adjustment 
changes the V ref thru a Potentiometer. 









+TACH IN 





SPEED ADJ 






“ +MOTOR OUT 





MOTOR § 


-MOTOR OUT 


-MOTOR ON 


FIGURE 8. MOTOR CONTROL FUNCTIONAL DIAGRAM 


3.0 DRIVE SELECTION 


3.1 HEAD LOAD 


When the shunt block position HL is shorted the 
head will load, by energizing the head load solen- 
oid, when drive select is brought to an active low. 
Reference Figure 9. 


If the shunt block is positioned so HL is open 
and MH is shorted the head will load with— 
Motor On signal, irregardless of the state of 
drive select. Reference Figure 9. 


3.2 SINGLE DRIVE SYSTEM 


With MX jumper shorted the input to the or gate 
for output enable is at a low level. This causes the 
signal output enable to always be true when the 


drive is powered on. Activating any drive select 
line will light the activity lite and enable reading 
and writing if the motor is running and the head 
is loaded. Refer to Figure 9 for the logic required. 


3.3 MULTIPLE DRIVE SYSTEM 


There are 3 drive select lines. In multiple drive sys- 
tems leave the yumper uncut in the shunt block for 
the drive number you wish to select. MX must 

be cut for the input & output to be daisey chained. 
With MX cut drive select must be true in order to 
activate output enable which in turn gates the out- 
put lines lites the activity lite and conditions the 
input lines. Reading and writing can now be per- 
formed if the motor is running and the head is 
loaded. Figure 9 is the drive select functional 
diagram. 


MOTOR ON MH 
ad = 
aa 5 ~\ 
HL = 
+5 ™ 
+5 , 
ACTIVITY LITE 
INPUT LINES eaiiaee 
os1 OO 
DS2--_19-0 DRIVE 
| SELECT — HEADLOAD 
bs3 1-0 
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2a 3 
- 
m 
WRITE GATE * 
24 READ ENABLE _READ DATA 
READ PULSE | 
STEP | TO STEP COUNTER 30 
> INDEX PULSE —INDEX SECTOR 
oe OUTPUT ENABLE 


MX OPEN FOR MULTIPLE 
DRIVE SYSTEM. 


[Is] E] 


LEAVE SHORTED THE 
STRAP IN THE SHUNT 
BLOCK FOR THE DRIVE 
YOU WISH TO SELECT. 


MH SHORTED THE HEAD 
WILL LOAD WITH -MOTOR ON. 


HL SHORTED THE HEAD WILL 
LOAD WITH -DRIVE SELECT. 


8 


WRITE PROT SWITCH — WRITE PROTECT 


28 
TRK 00 SWITCH = 
PHASE A = TRACK 00 
a 
26 


FIGURE 9. DRIVE SELECT FUNCTIONAL DIAGRAM 


4.0 INDEX DETECTOR 


Each time an index or sector hole is moved past the 
index photo detector, a pulse is formed. This pulse 
is present on the interface as index/sector pin 8. 
Without a Diskette in the drive the output line will 
be low so the using system must look for a transi- 
tion to be a valid signal. The detector output is fed 
into a schmidt trigger with a level trigger latch back 
to maintain pulse stability, while shaping the pulse. 
With output enable true this pulse will be on the 
interface as a negative going pulse. Refer to figures 
10 and 11 for logic required and timings. Shown is 
the output from a soft sector Diskette. 






PO +OUTPUT ENABLE 





~.. ~'!NDEX SECTOR 


FIGURE 10. INDEX DETECTOR LOGIC 


—INDEX DETECTOR 


Le ee 200+ 7.2m.sec rn 
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FIGURE 11. INDEX TIMING DIAGRAM 


5.0 TRACK ZERO INDICATION 


Track 00 signal (pin 26) is provided to the using 
system to indicate when the read/write head is 
positioned on track zero. Figures 12 & 13 show 
the logic and timing for the track zero indication. 
The track zero micro switch is actuated by the car- 
riage between track one and track zero. When the 
carriage is stepped to track 00 stepper phase A is 
Anded with the output from the track 00 switch. 


+OUTPUT ENABLE 


a DA 


DEBOUNCE 


—TKO U 
O 


The output from this And gate conditions another 
And gate and its other leg is output enable which 
is true when the drive is selected in a multiple drive 
system Or on power on in a single drive system. 
These conditions will cause a TRK OO indication to 
the interface. Reference Figure 12 for the logic 
fed Ure: 


26 


DS a 


© 
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FIGURE 12. TRACK 00 INDICATION DIAGRAM 
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FIGURE 13. TRACK 00 TIMING DIAGRAM 


6.0 TRACK ACCESSING 

® Stepper Motor (4 Phase) 

@ Stepper Control Logic 

@ Reverse Seek 

@ Forward Seek | * 


@ Track Zero Indication 


Seeking the read/write head from one track to an- 
other is accomplished by selecting the desired direc- 
tion utilizing the Direction Select Interface line, 
loading the read/write head, and then pulsing the 
Step line. Multiple track accessing is accomplished 
by repeated pulsing of the Step line with write gate 
inactive until the desired track has been reached. 
Each pulse on the Step line will cause the read/ 
write head to move one track either in or out de- 
pending on the Direction Select line. 


6.1 STEPPER MOTOR 


The 4 phase stepper motor turns the head actuator 
cam in 2 step increments per track. Two incre- 
ments will move the head one track via a ball bear- 
ing follower which is attached to the carriage as- 
sembly. This follower rides in a spiral groove in 
the face of the actuator cam. 


The stepper motor has 4 phases. Phase A and phase 
C are the active positions which are energized when 
the head is on track. The phases B and D are trans- 
ient states. Two one shots to the stepper counter 
logic provides the 2nd step pulse approximately 11 
milliseconds after the step line goes negative pro- 
viding the drive ts selected and read enable is true. 


6.2 STEPPER CONTROL 


During Power on Reset time the stepper control 
shift register is reset to zero. This will cause phase 


A to be energized in the stepper. “Figure i5 and 
16 shows the stepper control logic and timing.” 


With drive select and read enable true, this provides 
the conditions which allows the step pulse to clock 
the clock input to the stepper control shift register. 
As the stepper control shifts from one phase to an- 
other the outputs are fed back to the 2nd pulse gen- 
erator s/s. When a step pulse causes the stepper 
counter to go from its on track phase via the clock 
input the two step s/s is fired. In approximately 

11 milliseconds a 2nd clock to the shift register is 
provided, this causes the stepper motor to step from 
its transient phase B or D to the next on track phase 
AorC. This is the method that causes the stepper 
to step 2 times for each step pulse on the interface. 
The circuit will also interlock any possibility of 
writing on the transient phases B and D. | 


The stepper control is a 4 bit parallel access shift 
register with J and K inputs. It is used in the shift 
mode when stepping out and in the load mode 
when stepping in. Only the A B and C outputs are 
used. The 4th output is D’ and is true when the 
other outputs are zero. 


6.3 STEPOUT 


Figure 14 shows the logic for how the bit for step- 
ping is shifted when direction is high and the shift 
register is in a shift mode or step out. 


6.4 STEP IN MODE 


When direction is low the drive is in a step in mode. 
The shift register is in a load mode. Its outputs are 
being used to load the inputs. Figure 17 shows the 
logic on this and how the outputs are shifted. Ref- 
erence figure 16 for timing. Again only AB&C 
outputs are used, the 4th output is D’. 
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7.0 READ-WRITE OPERATIONS 


@ SA 400 Minifloppy uses double frequency NRZI 
recording method. 


@ The read/write head, in general, is a ring with a 
gap and a coil wound at some point on the ring. 


@ During a write operation, a bit is recorded when 
the flux direction in the ring is reversed by 
rapidly reversing the current in the coil. 


@ During a read operation, a bit is read when the 
flux direction in the ring is reversed as a result 
of a flux reversal on the diskette surface. 


7.1. The SA 400 drive uses the double- 
frequency (2F) longitudinal non return to zero 
(NRZI) method of recording. Double frequency 
is the term given to the recording system that in- 
serts a clock bit at the beginning of each bit cell 
time thereby doubling the frequency of recorded 
bits. This clock bit, as well as the data bit, are 
provided by the using system. See Figure 18. 


7.2 The read/write head is a ring with a gap and 
a coil wound some point on the ring. When cur- 


‘rent flows through the coil, the flux induced in 


the ring fringes at the gap. As the diskette record- 
ing surface passes by the gap, the fringe flux mag- 
netizes the surface in a longitudinal direction. 
See Figure 19. 


7.3. The drive writes 2 frequencies 1F 62.5 KHz 
and 2F 125 KHz. During a write operation, a bit 
is recorded when the flux direction in the ring is 
reversed by rapidly reversing the current in the 
coil. The fringe flux is reversed in the gap and 
hence the portion of the flux flowing through the 
oxide recording surface is reversed. If the flux re- 
versal is instantaneous in comparison to the mo- 
tion of the diskette, it can be seen that the portion 
of the diskette surface that just passed under the 
gap is magnetized in one direction while the por- 
tion under the gap is magnetized in the opposite 
direction. This flux reversal represents a bit. See 
Figure 20. 


7.4 During a read operation, a bit is read when 
the flux direction in the ring is reversed as a result 
of a flux reversal on the diskette surface. The gap 
first passes Over an area that is magnetized in one 
direction, and a constant flux flows through the 
ring and coil. The coil registers no output voltage 
at this point. When a recorded bit passes under 

the gap, the flux flowing through the ring and coil 
will make a 180° reversal. This means that the flux 
reversal in the coil will cause a voltage output pulse. 
See Figure 21. 
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8.0 READ/WRITE HEAD 
@ The read/write head contains three coils. 


@ When writing, the lead erases the outer edges of 
the track to Insure data recorded will not exceed 
the .O12 track width, 


® The head is ceramic. : 


8.1 The read/write head contains three coils. 
Two read-write coils are wound on a single core, 
center tapped and one erase coll is wound on a 
yoke that spans the track being written. The 
read-write and erase coils are connected as shown 
On Figure.2 3: 


8.2 On awrite operation, the erase coil Is en- 
ergized. This causes the outer edges of the track 
to be trim erased so as the track being recorded 
will not exceed the 012” track width. The strad- 
die erasing allows for minor deviations in read/ 
write head current so as one track is recorded, it 
will not “splash over” to adjacent tracks. 


8.3. Each bit written will be directed to alternate 
read/write coils, thus causing a change in the di- 
rection of current flow through the read/write 
nead. This will cause a change in the flux pattern 
for each bit. The current through either of the 
read/write coils will cause the old data to be erased 
as new data is recorded. 


8.4 On aread operation, as the direction of flux 
changes on the diskette surface as it passes under 
the gap, current will be induced into one of the 
windings of the read/write head. This will result in 
a voltage output pulse. When the next data bit pas- 
ses under the gap, another flux change in the record- 
ing surface takes place. This will cause current tobe 
induced in the other coil causing another voltage 
output pulse of the opposite polarity. 
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FIGURE 23. READ/WRITE HEAD 
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9.0 WRITE CIRCUIT OPERATION (FIGURE 24) 


@ The Write Data Trigger flips with each pulse on 
the Write Data line. 


@ The Write Data Trigger alternately drives one or 
the other of the Write Drivers. 


@® Write Gate allows write current to flow to the 
Write Driver circuits if diskette is not write 
protected. 


9.3. The output of one of the Write Drivers allows 
write current to flow through one half of the read/ 
write coil. When the Write Trigger “‘flips’’, the 
other Write Driver provides write current to the 
other half of the read/write coil. 


9.4 The removal of Write Gate causes the Turn 
Off Degauss Delay circuit to slowly reduce write 

current for 25 microseconds. During this time if 
Write Gate is toggled the Read/Write head will be 


degaused by the decreasing write current. At the 
end of the delay the Center Tap Switch opens and 
the Erase Current Source is turned off. 


@® Write Current sensed allows Erase Coil current. 


9.1. Write data pulses (clock & data bits) are sup- 
plied by the using system. The Write Trigger “‘flips”’ 
with each pulse. The Q and Q outputs are fed to 
alternate Write Drivers. 


9.2 Write Gate, and not Write Protect, are anded 
together and will cause write current to flow to the 
Write Driver circuits, which in turn causes the Cen- 
ter Tap Switch to close and erase current to flow. 
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FIGURE 24, WRITE CIRCUIT FUNCTIONAL DIAGRAM 
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10.0 READ CIRCUIT OPERATION (FIGURE 25) 


® Duration of all read operations is under control 
of the using system. 


@ When the head is loaded, the read signal ampli- 
tude becomes active and is fed to the amplifier. 


@ As long as the head is loaded, the drive is se- 
lected and write gate is not active, the read 
signal is amplified and shaped, the square wave 
signals are sent to the interface as read data. 


10.1 When the using system requires data from the 
diskette drive, the using system must first load the 
head. With loading of the head and write gate be- 
ing inactive, the read signal is fed to the amplifier 
section of the read circuit. After the amplification, 
the read signal is fed to a filter where the noise 
spikes are removed. The read signal is then fed to 
the differential amplifier. 


10.2 Since a pulse occurs at least once every 8 ys 
and when data bits are present once every 4 us, the 
frequency of the read data varies. The read signal 
amplitude decreases as the frequency increases. 
Note the signals on Figure 25. The differential am- 
plifier will amplify the read signals to even levels 
and make square waves out of the read signals 
(sine waves). 


The drive has no data separator only a pulse 
standardizer for the read data signal. 
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FIGURE 25. READ CIRCUIT FUNCTIONAL DIAGRAM | 
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11.0 WRITE PROTECT 


The SA 400 uses a write protect micro switch which 
is activated when a Diskette with a write protect 
label is inserted. 


The micro switch is a normally closed switch to 
ground. When the switch is opened it applies a 
positive level to the output driver if output enable 
is active. This gives a low level to the interface pin 
28. The signal and write protect prevents write 
gate from turning on write current. If the “WP” 
trace is cut, writing to the diskette is inhibited 
unless a Write Protect label is installed over the 
notch. Figure 26 shows the logic required. 


+5V 





WRITE PROTECT 
SWITCH 






TOUDEOT-ENABEE _WRITE PROTECT 


FIGURE 26. WRITE PROTECT FUNCTIONAL DIAGRAM 
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12.0 INTERFACE 


The electrical interface between the SA 400 drive 
and the host system is via two connectors. The 
first connector, JI, provides the signal interface: 
the second connector, J2, provides the DC power. 
Frame ground is connected via a faston connec- 
tor located near the motor control PCB. 


12.1 J1/P1 CONNECTOR 


Connection to J] is through a 34 pin PCB edge 

card connector. The pins are numbered | through 
34 with the even numbered pins on the component 
side of the PCB and the odd numbered pins on the 


non-component side. Pin 2 is located on the end of 


ae PCB connector closest to the corner and is 

yeled 2. A key slot is provided between pins 4 
a 6 for optional connector keying. Refer to 
Figure 28. 


12.2 D.C. POWER 


D.C. power to the drive is via connector P2/J2 
which is located on the non-component side of the 









drive PCB near the spindle drive motor. The drive 
uses 2 voltages. Figure 27 outlines the voltage and 
current requirements. 


12.3 INPUT OUTPUT LINES 


There are four (4) output lines from the SA 400. 
The output signals are driven with an open collec- 
tor output stage capable of sinking a maximum of 
40 ma at a logical zero level or true state with a 
maximum voltage of 0.4V measured at the driver. 
When the line driver is in a logical one or false 
state the driver is off and the collector current is 
amaximum of 250 microamperes. 


There are 8 input lines to the SA 400. These input 
lines have the following electrical specifications. 
Reference Figure — for the recommended circuit. 


True = Logical zero = Vin £0.0V to +0.4V 
@lin = 40 ma (max) 


False = Logical one = Vin +2.5V to +5.25V 
«lin =O ma (open) 


Input Impedance = 150 ohms 





P2 Gg | | MAX | 
| PIN DC VOLTAGE | TOLERANCE CURRENT RIPPLE (ptop) d 
| +12 VDC + 0.6 VDC * | 80A MAX | 
| SOA pe ai 
4 a2 SN DC 70A MAX 50mV 
SOA TYE 
*The 12 VDC current is composed of three components; head load current, diskette drive motor current, 


and ie functions. Each of these components has the following contribution to the 12 VDC current 


requirements. 


1. PCB functions (Drive “Standby” current)—0.4A TYP; 0.5A AMX 


CO RO 


. Drive Motor: Start (for | sec. max.) - 


Head Load (Drive Selected)—-0.15A TYP; 0.2A MAX 
1.0A TYP; 1.1LA MAX 


Running 0.35A TYP; 1.1A MAX (Motor Stalled) 


FIGURE 27. D.C. POWER 
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2.1 MAINTENANCE FEATURES 


2.1.1 Alignment Diskette 


The SA 124 alignment diskette is used for align- 
ment of the SA 400. The following adjustments 
and checks can be made using the SA | 24. 


— 


. Read/write head radial adjustment using 
track 16. 


2. Index photo detector alignment using track O1. 


3. Track OO is recorded with a 125 KHz signal 
(2F). This track is used to tell if the head is 
positioned over track zero when the track zero 
indication is true. 


4. Track 34 has a 125 KHz signal (2F) recorded on 
it and is used to tell if the head is positioned 
over track 34 and for reference purposes. 


Caution should be used in order not to destroy pre- 
recorded alignment tracks. These tracks are 00, 01, 
15, 16,17, & 34. The write protect tab should 
always be installed on the SA 124 to prevent acci- 
dental writing on the SA 124, or if the Write 
Protect option is utilized, remove the Write 

Protect tab. 


2.1.2 Exerciser 


The exerciser is a 800 exerciser with a special cable 
set. The exerciser PCB can be used in a stand alone 
mode or it can be built into a test station or used 
in a tester for Field Service. 


The exerciser will enable the user to make all 
adjustments and check outs required on the 
SA 400 Mini Diskette drive. 


The exerciser has no intelligent data handling 
capabilities but can write a 2F 125KHz signal 
which is the recording frequence used for ampli- 
tude check in the SA 400 drive. The exerciser can 
start and stop the drive motor, and enable read in 
the SA 400 to allow checking for proper read back 
signals. 


2.1.3 Special Tools 


The following special tools are available for per- 
forming maintenance on the SA 400. 


Description Part Number 
Alignment Diskette SA 124 
Exerciser 54157 


Head Cable Extender 54143 


2.2 DIAGNOSTIC TECHNIQUES 


2.2.1 Introduction 


Incorrect operating procedures, faulty program- 
ming, damaged diskettes, and “soft errors” created 
by airborne contaminants, random electrical noise, 
and other external causes can, produce errors 
falsely attributed to drive failure or misadjustment. 
Unless visual inspection of the drive discloses an 
obvious misalignment or broken part, attempt to 
repeat the fault with the original diskette, then 
attempt to duplicate fault on second diskette. 


2.2.2 “Soft Error’’ Detection and Correction 
Soft errors are usually caused by: 


|. Airborne contaminants that pass between the 
read/write head and the disk. Usually these 
contaminants can be removed by the cartridge 
self-cleaning wiper. 


2. Random electrical noise that usually lasts for a 
few mw seconds. 


9) 


. Small defects in the written data and/or track 
not detected during the write operation that 
may cause a soft error during a read. 


a 
Ba 


. Worn or defective load pad. 


Wn 


. Improper grounding of the power supply, drive 
and/or host system. Refer to the SA 400 OEM 
manual for proper grounding requirements. 


NN 


[Improper motor speed. 


The following procedures are recommended to 
recover from the above mentioned soft errors: 


. Reread the track ten (10) times or until such 
time as the data is recovered. 


—d 


2. If data is not recovered after using step |, access 
the head to the adjacent track in the same 
direction previously moved, then return to the 
desired track. 


3. Repeat step 1. 

4. If data is not recovered, the error is not 
recoverable. 

2.2.3 Write Error 


in an error Occurs during a write operation, it will 
be detected on the next revolution by doing a read 
operation, commonly called a “write check”. To 


correct the error, another write and check opera- 
tion must be done. If the write operation is not 
successful after ten (10) attempts have been made, 
a read operation should be attempted on another 
track to determine if the media or the drive is fail- 
ing. If the error still persists, the diskette should be 
replaced and the above procedure repeated. If the 
failure still exists, consider the drive defective. If 
the failure disappears, consider the original disk- 
ette defective and discard it. 


2.2.4 Read Error 


Most errors that occur will be “soft errors’’. In 
these cases, performing an error recovery pro- 
cedure will recover the data. 


2.2.5 Seek Error 
1. Stepper malfunction. 
2. Carriage binds. 


3. To recover from a seek error recalibrate to track 
O00 and perform another seek to the original 
track or do a read I.D. to find what track the 
head is on and compensate accordingly. 


2.2.6 Interchange Errors 


This error is identified to be when data written on 
one drive cannot be read correctly on another 
drive. 


Probable cause and checks: 


1. Head alignment reference section 2.4.18. 


2. Head amplitude low. Check on both drives per 
section 2.4.1] 2. 


3. Motor speed out of adjustment. Check on both 
drives per section 2.4.13. 


4, Mis-clamping of the diskette caused by center 
hole damage. Replace the diskette and check 
the clamp hub. 


5. If hard sectored check the index timing adjust- 
ment section 2.4.17, 


6. If hard sectored insure the recommended sector 
format is being tollowed. reference the SA 400 
OEM manual for proper tormat requirements. 





2.2.7 Test Points SA 400 


Reference figure |. 


Ga 


Read Data Signal 

Read Data Signal 

Read Data (Differentiated) 
Read Data (Differentiated) 
Signal Ground 

+ Read Data 

+ Index 

- Detect Track 00 

+ Write Protect 

Ground 

~ Head Load 

+ Gated Step Pulses 

- Motor On 


P-4 


2.3 PREVENTIVE MAINTENANCE 


Preventative maintenance js not required on the 
SA 400 minifloppy under normal usage. 


2.4 REMOVALS AND ADJUSTMENTS 
2.4.1 Face Plate: Removal and Installation 
a. Open the door. | 


b. Remove the mounting screw on each side of the 
faceplate. Pull the face plate forward and away 
from the drive casting. 


c. No re-adjustment is required after replacement. 





FIGURE 1. TEST POINT LOCATIONS 





2.4.2 Drive Motor Assembly: Removal and 


lnstallation (includes the motor and PCB) 


Note: For ease of replacement it is recom- 
mended to replace the motor and PCB as an 
entire assembly. 


a: 


b. 


Remove drive belt. 


Disconnect connector P-3 from drive PCB and 
extract pins K (org) 13 (brn) and 14 (blk). 


. Remove drive PCB. 


. Remove the drive motor PCB and drive motor 


as an assembly by removing their respective 
mounting screws. 


. To re-install, reverse the above procedure 


insuring the PCB spacers and faston tab are in 
place. 


Motor speed must be adjusted as per section 
2.4.13. 


2.4.3 Stepper Motor and Acuator Cam 


These assemblies are not field replaceable. 


2.4.4 Head and Carriage Assembly 
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Remove the drive PCB and disconnect the head 
connector from the PCB. 


. Unclamp the head cable from the drive. 


Remove the guide rod nearest the read/write 
head. 


. Pivot the carriage away from the cam and off of 


the lower guide rod. 


To re-install, reverse the above. 


IMPORTANT: Insure that after installing the 
head cable there is enough slack to allow the 
carriage to go to track zero. 


f. Readjust the carriage limiter if a new carriage is 
installed. Reference section 2.4.16. 


g. Head alignment should not be required but if 
interchange problems exist check and adjust 
head alignment per section 2.4.18. 


2.4.4.1 Read/Write Head Load Button: Removal 
and Installation 


a. Remove drive PCB. 


b. To remove the old button, hold the load arm 
out away from head, squeeze the locking tabs 
together with a pair of needle nose pliers and 
press forward. 


c. To install load button, press the button into the 
arm, from the head side, and it will snap into 
place. Reference figure 2. 


d. Adjust according to section 2.4.14. 
2.4.5 Spindle Hub and Pulley/Assembly 


These assemblies are not field replaceable. 





FIGURE 2. HEAD LOAD BUTTON REPLACEMENT 


2.4.6 Clamp Hub Removal 
a. Remove face plate, Reterence section 2.4.1. 
b. Remove the drive PCB. 


c. Remove the E-ring from the hub shaft. The 
entire assembly can now be removed from the 
hub frame. Care should be taken not to over- 
stress the hub frame mounting pivot springs. 


d. To re-install: Place the hub clamp with spacer 
and spring in place onto the spindle hub. (The 
large end of the spring is placed against the hub 
frame). 


e. Press the hub frame down towards the spindle 
until the hub shaft protrudes through its mount- 
ing hole in the hub frame. 


f. Install the E-ring onto the hub shaft. 


g. Re-install the face plate. Re-adjustment is not 
required. 


2.4.7 Hub Frame Assembly Removai 


Removal of this assembly is not normally required 
or recommended. The only time removal would be 
required ithe Men 1s tO-replace the entire 
assembly. 


a. Remove the drive PCB. 


b. Remove the 2 mounting screws that hold the 
pivot springs to the casting. 


c. The hub frame assembly can now be lifted clear 
of the casting. 


2.4.7.1 Hub Frame Assembly Installation and 
Adjustment 


a. Put the hub frame onto drive and lightly tighten 
mounting screws removed in Step 2 of Removal 
Procedures. 


MOUNTING HOLE 
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b. Latch the hub frame closed. 


c. Position the hub frame until the hub shaft is 
centered in its mounting hole in the hub frame 
Reference figure 3. Now tighten the mounting 
screws for the hub frame pivot springs. 


d. Check that the door latch assembly does not 
bind in the face plate. If binding occurs loosen 
the door latch mounting screws and reposition 
until it is free of binds. 


e. Reinstall the drive PCB. 


f. Check and readjust the index timing if drive is 
used in hard sectored applications. Refer to 
section 2.4.17. 


2.4.8 Write Protect Switch Removal 


a. Remove the two mounting screws for the 
switch. 


b. Unsolder the brown wire from the C terminal 
and the black wire from N/C on the switch. 


c. After reinstallation adjust per section 2.4.19. 


2.4.9 Index Detector Assembly Removal 


a. Remove drive PCB. 


b. From connector P-3 extract pins from 5 
(orange) and E (red). 


c. Remove the detector mounting screw from the 
hub frame. This will free the detector. 


d. When installing a new assembly, insure the 
detector mounting block is flush against the 
side of the hub frame. Reference figure 3. 


e. Re-adjust the index timing per section 2.4.17. 


HUB SHAFT 
(Center in 
Mounting Hole) 


FIGURE 3. HUB FRAME ADJUSTMENT 


CA 


2.4.10 Index LED Removal 
a. Remove the drive PCB. | 


b. From connector P-3 extract the pins from 8 
(blue) and J (purple). 


c. Remove the platen from the base casting that 
the LED is mounted to. 


d. Squeeze the led mounting block locking tabs 
- together and press the assembly out of the 
mounting hole in the platen. 


e. To re-install, reverse the removal procedure 


f. When remounting the platen, insure it is flush 
with the machine surface on the casting. 
Position it laterally so a diskette can be inserted 
without binding when the door is closed. 


g. Re-adjust the index timing per section 2.4.17 if 
hard sectored. 


2.4.11 Track Zero Switch Removal 
a. Remove the drive PCB. 


b. The switch is removed by removing its two 
mounting screws. 


c. Un-solder the wires N/C (white) N/O (yellow) 
and com (green). 


d. To reinstall, reverse the above procedure. 
e. Readjust the switch per section 2.4.15. 
2.4.12 Head Amplitude Check 


These checks are only valid when writing and read- 
ing back as described below. If the amplitude jis 
below the minimum specified, the load pad should 
be replaced and the head should be cleaned if 
necessary (Reference section 2.4.21) before re- 
writing and re-checking. Insure the diskette used 
for this check is not “‘worn”’ or otherwise shows 
evidence of damage on either the load pad or the 
head side. 


a. Install good media. 
b. Start the motor. 
c. Select the drive and step to track 34. 


d. Sync the oscilloscope external on TP 7 
(+ Index), connect one probe to TP-2 and one 
to TP-1, on the drive PCB. Ground the probes 
to the PCB, add and invert one input. Set volts 
per division to 50mv and time base to 20 M 
seconds per division. 


e, Write the entire track with all one’s. 


f. The average minimum read back amplitude, 
peak to peak, should be 86 millivolts. 


If a new load pad does not bring the amplitude to 
the minimum level try the following: 


1. Install a different piece of media and re-check. 
2. Check motor speed section 2.4.13. 


3. Make sure you are getting an output from both 
TP-1 and TP-2. Check with the scope in the 
chop mode. If the probes are OK and still one 
TP has no output or has less output than the 
other TP replace the PCB. 


4. If 1,2,& 3 are OK the head and carriage assem- 
bly will require replacement. Refer to section 
2.4.4. 


2.4.13 Motor Speed Adjustment 


a. Install a diskette, start the motor and load the 
head. Step to Track 16. 


b. Turn the pot R-12 located on the motor con- 
trol PCB until the dark lines on the spindle 
pulley appear motionless. For 60 HZ use the 
outside ring of lines for S50 HZ observe the 
inside ring. Reference figure 4. 


NOTE: This adjustment can be made only in an 
area where there is flourescent lighting. 
Otherwise refer to 2.4.13.1. | 


MOTOR BELT 





SPINDLE PULLEY 








DRIVE PULLEY 


TACH DISC 


FIGURE 4. MOTOR SPEED ADJUSTMENT 


2.4.13.1 Motor Speed Adjustment (using a 
frequency counter) 
a. Install a SA104 or SA124 diskette. start the 
motor and load the head. step to Track 16. 


b. Connect the frequency counter input to T.P. 7 
(+ Index) on the drive PCB. 


c. Adjust pot R-12 located on the motor control 
PCB for 200 HZ +0.2 HZ. 





2.4.14 Read/Write Head Load Button Adjustment 


a. Insert SA124 diskette or any diskette with data 
on track 34. 


b. Connect oscilloscope to TP | and 2, added 
differentially and syne external positive on 
TP 7 (+ Index). 


c. Start the motor. 


d. Select the drive and step carriage to track 34. 


e. Observing read signal on oscilloscope, rotate 
the load button counterclockwise in small 
increments (10°) until maximum amplitude is 
obtained. 


2.4.15 Track Zero Switch Adjustment 


a. Remove the PCB from the drive, disconnect the 
head cable but leave the interface and drive 
connector installed. 


b. Rotate head cam actuator until the cam fol- 
lower is opposite the track zero dimple on the 
cam. Reference figure 5. 





CAM FOLLOWER 
DIMPLE IN CAM 


FIGURE 5. TRACK ZERO POSITION 


c. Adjust the switch so it just makes by moving its 
mounting bracket. 


NOTE: When making switch adjustments insure 
that the bracket is registered against the 
casting and the activator is located on the 
45° angled portion on the rear of the car- 
riage. Refer to figure 5.1. 


d. Power up the drive being careful not to short 
out the PCB, and select the drive. This will 
energize phase A in the stepper motor. The 
dimple should remain within +.050 of the cam 
follower and the switch should not break. 


PLACE SCREWDRIVER 
HERE (BETWEEN BRACKET 
AND CASTING) TO MOVE 
SWITCH TOWARD SPINDLE 






BRACKET LOCATED 
AGAINST CASTING 


BRACKET 
WN 4 —— MOUNTING 
SCREW 


ACTUATOR LOCATED“ 
ON 45° SURFACE OF 
CARRIAGE . 


PLACE SCREWDRIVER 
HERE (BETWEEN BRACKET 
AND CASTING) TO MOVE 
SWITCH AWAY FROM 
SPINDLE 


FIGURE 5.1. TRACK ZERO SWITCH ADJUSTMENT 


e. Step to track | T.P. 8 should go high. If not 


readjust the microswitch. 


f. Step to track 00 T.P. 8 should go low. 


g. If not readjust the microswitch. 


h. To check the adjustment: 


1. Step to track 00 T.P. 8 should be low. 
2. Step to track 00 T.P. 8 should be low. 
3. Step to track 2 T.P. 8 should remain high. 


2.4.16 Carriage Limiter 


a. Unplug the head cable and remove the PCB 
from the drive leaving the interface and PCB 
connector installed. 


b. Step to track zero, leave the drive selected. 


c. Position the stop until it is flush with stop post 


(old style) or in the slot (new style) on the 
carrlage assembly. Reference figure 6. Adjust the 
track zero carriage limiter horizontally and 
vertically until there is 20+ .00S between the 
stop on the acuator cam and the stepper motor 
shaft. Reference figure 6. 


FOLBEST ¥ ke) mre 
/ 
Led 


FLUSH WITH STOP POST 





(NEW SFY LE 


Qj ve STEPPER MOTOR 


SHAFT 


FIGURE 6. CARRIAGE LIMITER ADJUSTMENT 


d. Step to track 34 and insure there is clearance FOR HARD SECTORED APPLICATIONS: 
between the cam stop extension and the stepper 


motor shaft. Reference figure 7. a. Remove the PCB and install the head cable 


extender. Leave the PCB and interface con- 
e. Re-install the drive PCB and plug in the head nectors installed. Reference figure 9. 
oe b. Insert Alignment Diskette (SA 124). 
c. Start the motor and select the drive. 
d. Step the carriage to track 01. 


e. Sync oscilloscope, external positive, on TP 7 
(+ Index). Set time base to 50 usec/ division. 





CLEARANCE AT TK 34. 


f. Connect one probe to TP 1 and the other TP 2. 
Ground probes to the PCB. Set the inputs to 
(2.4.17 Index/Sector Timing Adjustment AC, add and invert one channel. Set vertical 
deflection to 500 MV /division. 


FIGURE 7. CARRIAGE LIMITER CLEARANCE 


If soft sectored, using the IBM type format: 


ie g. Observe the timing between the start of the 
a. Position the index detector assembly flush with sweep and the first data pulse. This should be 


the registration surface on the hub frame. 200 + 100 usec. If the timing is not within 


Reference figure 8. tolerance, continue on with the adjustment. 


b. Position the detector assembly in the center of Reference figure 10. 


its mounting slot. Tighten the mounting screw, i 


. Loosen the mounting screw in the Index Detec- 
Reference figure 8. 


tor block until the assembly is just able to be 
moved. 


FLUSH WITH CENTER IN 
REGISTRATION MOUNTING 
SURFACE 


i. Observing the timing, adjust the detector until 
the timing is 200 +50 usec. Insure that the 
detector assembly is against the registration 
surface on the hub frame. 


MOUNTING SLOT 


j. Tighten the mounting screw. 





k. Recheck the timing. 
FIGURE 8. INDEX DETECTOR ADJUSTMENT 


= sell P2 CONNECTOR 
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FIGURE 9. SA400 SERVICE POSITION 





FIGURE 10. INDEX TIMING 





2.4.18 Head/Radial Alignment 

a. Start the motor and select the drive. 
b. Load the SA 1] 24 alignment diskette. 
c. Step the carriage to track 16. 


d. Sync the oscilloscope, external positive, on TP 
7 (+CE Index). Set the time base to 20 Msec 
per division. This will display over one 
revolution. 


e. Connect one probe to TP 1 and the other to TP 
2. Ground the probes on the PCB. Set the in- 
puts to AC, add and invert one channel. Set the 
vertical deflection to 100 MV/dev. 


f. The two lobes must be within 70% amplitude 
of each other. If the lobes do not fall within the 


























FIGURE 11. HEAD RADIAL ALIGNMENT 


specification, continue on with the procedure. 
Reference figure 11. 


Loosen the two mounting screws which mount 
the stepper motor to the drive casting. 


. Rotate the stepper motor to radially move the 


head in or out. If the left lobe is less than 70% 
of the right, turn the stepper motor clockwise 
as viewed from the stepper motor side of the 
drive. If the right lobe is less than 70% of the 
left lobe, turn the stepper motor counterclock- 
wise as viewed from the stepper motor side of 
the drive. 


When the lobes are of equal amplitude, tighten 
the motor mounting screws. Reference figure 12. 


EVEN AMPLITUDE (100%), ON TRACK 


LEFT 80% OF RIGHT, + 1 MIL OFF TRACK TOWARD TK O 


LEFT 60% OF RIGHT, + 2 MIL OFF TRACK TOWARD TK 0 


LEFT 40% OF RIGHT ,+ 3 MIL OFF TRACK TOWARD TK 0 


RIGHT 80% OF LEFT, — 1 MIL OFF TRACK TOWARD 34 


RIGHT 60% OF LEFT, — 2MIL OFF TRACK TOWARD 34 


RIGHT 40% OF LEFT, — 3 MIL OFF TRACK TOWARD 34 


FIGURE 12. HEAD RADIAL ALIGNMENT 





j. Check the adjustment by stepping off track and 
returning. Check in both directions and readjust 
as required. 


k, Whenever the Head Radial Alignment has been 
adjusted, the carriage limiter and track zero 
switch adjustment must be checked (Section 
2.4.15 & 2.4.16). 


NOTE: (Alignment diskette should be at room 
conditions for at least twenty minutes 
before alignment). 


2.4.19 Write Protect Switch Adjustment 


a. Adjust the switch so that the actuator will just 
transfer the switch when its point is flush +.010 
within the top of the groove in the guide rail. 
Reference figure 13. 


FLUSH 


010 





FIGURE 13. WRITE PROTECT SWITCH ADJUSTMENT 


2.4.20 Head Load Bail Adjustment 


a. Select the drive to load the head or ground TP 
1] (- Head Load) to energize the head load 
solenoid. 


b. Adjust the down stop screw to obtain 3/16” to 
1/4” from the top flat surface of the load bail 
and the platen. Reference figure 14. 


c. Check fora minimal clearance of .020 between 
the load bail and the load arm. This check ts 
made at track zero and track 34 with the door 
closed and the head loaded. 
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FIGURE 14. HEAD LOAD BAIL ADJUSTMENT 


2.4.21 Read/Write Head Cleaning Procedure 


The head should ONLY be cleaned if it has an 
oxide build up that is visable to the naked eye. 
Cleaning methods and materials other than those 
listed can permanently damage the head and 
should be avoided. 


1. Lightly dampen a piece of clean lintless tissue 
with Isopropyl alcohol (use sparingly). 


2. Lift the load arm off the head, being careful not 
to touch the load button. 


3. Lightly wipe the head with the moistened por- 
tion of the tissue. 


4. After the alcohol has evaporated, lightly polish 
the head with a clean dry piece of lintless 
tissue. 


5. Lower the load arm onto the head. Do not let it 
snap back. 
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DESCRIPTION 
General 


The Illustrated Parts Catalog is arranged so that the 
figures precede the parts listings and will be on the 
opposite page. 


The drive assembly is contained on a single page. 
Sub assemblies will be separated by a solid line 
and are broken down on this page. 


Indented Level 


The parts list is indented to show the levels of 
assembly within a figure. The major assembly will 
always be level |, all parts or assemblies that attach 
to that assembly will be level 2 and assemblies 
within leve! 2 will have their attaching parts level 3 
and so on. 


Parts Replacement 


Some parts and assemblies are not field replace- 
able. These will be noted by an asterisk* and a 
footnote. These part numbers are included so they 
~ can be ordered for factory and/or repair centers. 


Quantity Per Assembly 


The quantity listed is the quantity used on the 
assembly. 


Numerical Index 


The numerical index lists all parts in part number 
sequence and is cross referenced to the figure and 
reference number. 


Note: 

Figure | is the Illustrated Parts Breakdown for the 
original SA400, Figure 2 represents the current 
configuration (EC692). 
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FIGURE QTY 
& REF. PART DESCRIPTION PER 
NUMBER NUMBER E2304 ASM 





DRIVE ASSEMBLY 





+4 25060 _ PCB, DRIVE 1 
27 54070 _ HUB FRAME ASSEMBLY 1 
2:3 54073 _ . DOOR HINGE 1 
al 10186 _ . SCREW 6-32 X .188 BH 2 
5 54057 _ . STOPDISK 1 

6 11305 — . E-RING 1 
“7 54131 |. . COLLAR HUB 1 
2G 54132 _ . SPRING, CLAMP 1 
- 9 54066 _ . HUB, COLLETT 1 
-10 10186 _ SCREW 6-32X.188 BH 2 
“14 54136 _ DETECTOR INDEX 1 
2 10187 _ SCREW 6-32X.188 BH 1 
13 * 54032 _ SPINDLE 1 
4A * 10805 _ BEARING, FLANGED 1 
15 54078 _ KEEPER, GUIDE ROD T 
-16 10186 _ SCREW 6-32X.188 BH 1 
a! 54006 . GUIDE ROD 2 
-18 54099 _ STOP, CARRIAGE 1 
-19 10186 _ SCREW 6-32X.188 BH 1 
-20 54078 . KEEPER GUIDE ROD 1 
21 10186 _ SCREW 6-32X.188 BH 1 
22 54064 _ SOLENOID ASSMY. HEAD LOAD 1 
De 54135 . 4 “BAIL. LOAD 1 
-24 54003 _ CAM, ACTUATOR 1 
25 54055 _ HEAD & CARRIAGE ASSMY. 1 
26 54145 . , LOAD BUTTON 1 
7 204 _ TK OOSWITCH 1 
-28 10176 _ SCREW 4-40X.50 BH 2 
-29 10187 . SCREW 6-32X.250 BH 1 
-30 10013 _ WASHER 1 
31 54038 . MOUNT TK 00 SWITCH 1 
-32 | =. 15655 _ CONNECTOR P-3 1 
-33 54067 _ MOTOR & CONTROL ASSEMBLY 1 
-34 54047 _ . MOTOR DRIVE 1 
-35 25063 - . PCB MOTOR CONTROL 1 
-36 54069 _ STANDOFF, MOTOR PCB 2 
a7 10191 _ SCREW 6-32X.50 BH 2 
-38 “ 54068 _ MOTOR, STEPPER 1 
-39 10187 _ SCREW 6-32X.250 BH 2 
-40 10177 _ SCREW 4-40X.625 BH 2 
41 54048 _ BELT, DRIVE 1 
AD * 54138 _ PULLEY, SPINDLE 1 
43 * 10804 . BEARING 1 
-44 * 54097 _ SPACER, LONG 1 
-45 17212 _ SWITCH WRITE PROTECT 1 
46 54062 — NUT PLATE 1 
47 10166 _ SCREW 2-56X.50 BH 1 
-48 54137 _ LED, INDEX 1 
-49 54125 . PLATEN 1 
-50 10189 . SCREW 6-32X.250 BH 1 
51 54036 _ CLAMP, PCB 4 
52 11311 _ RETAINER, CLAMP 4 
-53 54077 _ FACEPLATE 1 
-54 11900 _ 6-32X.250 F.H. 2 
-55 10013 . WASHER 1 
-56 12501 _ WASHER 1 
-57 15663 . FASTON 1 
-58 11312 . ACTIVITY LIGHT HOLDER 1 
59 15915 . LED ACTIVITY LIGHT 1 
-60 * 54089 _ GUIDE DISKETTE R.H. 1 
61 * 54090 _ GUIDE DISKETTE L.H. 1 


* NOT FIELD REPLACEABLE 


PART 
NUMBER 


PART 
NUMBER REF. 





10189 ! 50 


10191 37 
198604 43 | 
10805 14 
11305 6 
11311 2 
11312 53 
11900 54 
12501 I 56: 4 
15655 | 32 
15663 57 
17211 27 
17212 45 
25060 1 
25063 | 35 
54003 24 
54006 17 
54032 | 13 
54036 51 
54038 31 
54047 34 
54048 41 
54055 25 
54057 5 | 
54062 | 46 
54064 | f 
54065 36 | 
54066 9 
54067 33 
54068 38 
54070 2 
54073 3 
54077 53 
54078 15 
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FIGURE 





& REF. PART | DESCRIPTION 
NUMBER NUMBER 1234 
2 DRIVE ASSEMBLY 
4 54479 _ BASE CASTING 1 
oD * 54097 _ SPACER, LONG 1 
= * 10804 . BEARING 1 
2A * 54138 _ PULLEY, SPINDLE 1 
-5 54161 . BELT, DRIVE 1 
216 10187 _ SCREW 6—32 x .250 BH 9 
ey, * 54068 _ MOTOR, STEPPER 1 
- 8 10186 _ SCREW 6—32 x .188 BH 5 
-9 | 54508 _ MOTOR AND CONTROL ASSEMBLY 1 
-10 54047 _. MOTOR, DRIVE (WITH SHIELD, P/N 54507) j 
mE : 25129 _ . PCB MOTOR CONTROL { 
a12-° 15663 | . FASTON 1 
13 | 12501 | . .WASHER 1 
aq. 4 10191 _ SCREW 6—32 x .500 BH 2 
-15 54065 _ STANDOFF, MOTOR PCB 5 
~16 | 54056 1 | CONNECTOR, P3 4 
= | 54038 _ MOUNT TRACK 00 SWITCH 1 
~18 10013 _ WASHER, FLAT #6 1 
~19 10187 _ SCREW 6—32 x .250 BH 1 
-20 | 17214 | . SWITCH, TRACK 00 i 
204 54003 | . CAM,ACTUATOR 1 
299 | 54055 _ HEAD AND CARRIAGE ASSEMBLY 1 
=23 10185 _ SCREW, 6—32 x .200—.125 BH ; 
-24 | 54474 _ CLAMP, CARRIAGE STOP 1 
-25 54473 . CLAMP, GUIDE ROD 1 
-26 | 54145 | . LOAD BUTTON 1 
207. * 54475 | . GUIDE DISKETTE RH 1 
-28 54006 | | GUIDE ROD 2 
woo 10186 | . SCREW 6—32x .188 BH - 4 
230. 4 54078 | . KEEPER, GUIDE ROD : 1 
34. | 11714 | . NUT, CAPTIVE 2 
233 11305 . E-RING 1 
“34 | 10186 . SCREW 6-32 x .188 BH 2 
-35 | 54073 | . DOOR, HINGE 1 
~36 54057 _ STOP DISK 1 
ao7 CC 54132 | . SPRING CLAMP 1 
S38. | 54066 | . HUB, COLLET 1 
~39 54131 . COLLAR, HUB ii 
40 | * 54032 _ SPINDLE 1 
-4] * 470805 | . BEARING, FLANGED 1 
-42 54135 =| . BAIL,LOAD 1 
LA 54064 . HEAD LOAD SOLENOID ASSEMBLY 1 
-44 10187 | . SCREW 6—32 x .250 BH 1 
-45 10013. ~+| . WASHER, FLAT #6 1 
46 | 54136 | . DETECTOR, INDEX 1 
-47 54137 ! |. {INDEX LED 1 
-48 10189 | . SCREW 6-32 x .375 BH 1 
~49 54125 | . PLATEN 1 
5O | 41312 . ACTIVITY LIGHT HOLDER 1 
51 | 15915 _ LED ACTIVITY LIGHT 1 
-52 54062 | . NUTPLATE 1 
-53 17212 | . SWITCH WRITE PROTECT 1 
-54 | * 54040 | . GUIDE DISKETTE LH 1 
-55 12039 . SCREW 2-56 x .50 SOC HD 2 
-56 10011 . WASHER 2—56 2 
-57 54030 ACTUATOR SWITCH 1 
-58 11900 SCREW 6-32 x .250 FH 4 
-—9 | 54077 FACEPLATE 1 
Oo | 25060 | PCB,DRIVE 1 
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